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BY SIMPLE TURN OF GRADUATION SELECTOR 


Only Brown & Sharpe Electronic Measuring Equipment offers this advantage 


By the simple turn of a graduation selector, you get 
accurate readings in the desired increment from .0001” 
to .0000L”, on Brown & Sharpe Electronic Measuring 
Equipment. No further manipulations! The amplifier 
unit below shows the range. In addition, intermediate 
settings can be made easily to match prescribed tolerance 
limits. 


The true linear response of the amplifier permits accurate 


calibration of scale graduations. Its versatility partic- 


We urge buying through the Distributor 
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ularly simplifies special applications in production in- 
spection and sorting devices. 

Other exclusive advantages of Brown & Sharpe Electronic 
Measuring Equipment include a simple, self-checking 
device on the External Comparator . . . no gage blocks 
needed . . . and a constant zero setting regardless of 
changes in increments of measurement. Investigate all 
advantages of this quality-control aid. Write for Bulletin. 
Brown & Sharpe Mfg. Co., Providence 1, R. L, U.S, A. 
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Internal Comperator 
Attachment No. 952 
Range '/2"' to 2 Frictionless 
No pivots to wear. One master 
only. One measuring point and 
measuring bar serve any plug. 


External Comparator 
No. 954 

Range, 0-4''. Simplified setting. 

One master only. Reversible 

anvil. Self-checking. Shock- 

protected Diamond gaging 

point 
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Gage Head Cartridge 
No. 953 Signal Light Attachment 
No. 958 


For mounting in jig or fixture 
Its range of measurement is Optional Equipment. Speeds 
operations. Provides visual in 
dication of work size. Easily 
and securely attached 


002°’ with oa small added over 
travel which measuring point 
mokes. Frictionless. Dust and 
moisture proof 













a= 


a - 


ee 


BROWN & SHARPE BS 











QUALITY CONTROL COURSE FOR 
THE CHEMICAL INDUSTRIES 


An eight-day intensive training course 
in Quality Control for the Chemi- 
cal industries wi!! be offered by the 
Rochester Institute of Technology at Ro 
chester, N. Y., June 21-29, 1949. The con- 
tent of this fifth annual training program 
in statistical methods and techniques ts 
devoted exclusively to the control prob 
ems of the chemical and allied process 
ndustries. The course is designed for 
those responsible for controlling quality 
of product either in the analytical labora- 
tory or directly in the manufacturing 
process 

Application for enrollment should be 
addressed to Alfred L. Davis, Rochester 
nstitute of Technology, Rochester 8 
New York 


ADVANCED COURSE IN STATIS- 
TICAL QUALITY CONTROL — 
PURDUE UNIVERSITY 


An eight-day advanced course in sta 
tistical quality control will be offered 
by Purdue University July 6-14 inclusive 


Topics to be offered are: review and 
background of contro! charts, signifi 
cance of differences, principles of accept 
ance sampling, sequential analysis, both 
attributes and measurements, linear and 
multiple correlation, analysis of variance, 
tolerances of fitting parts, chi-square, 
and use of calculating machines 


Tuition is $100. For additional! infor 
mation, write to Professor Irving W. Burr 
Department of Mathematics, Purdue 
University, Lafayette, Indiana 


MICHIGAN QUALITY 
CONTROL COURSE 


The University of Michigan will offer 
a ten-day course in Statistical Quality 
Control August 15-25 inclusive on the 
campus in Ann Arbor. This will be a 
repetition of the successful introductory 
course given last August and will be in 
tensive, mathematically non-technical, 
ond practical 

Professor C. C. Craig will be in 
charge, and the stoff will include Pro- 
fessors |. W. Burr of Purdue University 
and E. G. Olds of Carnegie Institute of 
Technology. The registration fee of 
$100 per person includes a textbook 
and a syllabus of the course 

For further information write to Pro- 
fessor C. C. Craig, 3534 Rackham Build 
ing, University of Michigan, Ann Arbor, 
Michigan 
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INDUSTRIAL QUALITY CONTROL 


The Advancing Frontier of 
Quality Control 


COLONEL LESLIE E. SIMON 


ORDNANCE DEPARTMENT 


DIRECTOR, THE BALLISTIC RESEARCH LABORATORIES, ABERDEEN PROVING GROUND, MARYLAND 


THE EXPANSION OF 
QUALITY CONTROL 


The past two and one-half decades 
have seen ‘quality control’ become 
progressively an important adjunct to 
four engineering or industrial fields 
(1) Manufacturing process, (2) Accept 
ance inspection, (3) Study of systems or 
processes (largely industrial manage- 
ment), and (4) Research and develop 
ment. | put quality control in quota 
tion marks because the scope of activi 
ties associated with the term has now 
extended far beyond original concepts 
associated with it. Nevertheless, there 
are scarcely any of the many benefits 
that have come from quality control 
and its allied techniques that were not 
anticipated in Walter A. Shewhart's 
two books, one of which was published 
in 1931 [1] and the other in 1939 [2] 
The quarter-century mark seems a fit- 
ting time to note the progress of quality 
control, to attempt to distinguish be- 
tween quality control in its original 
form and the field of industrial statisti- 
cal methods now associated with the 
term, to make some estimate of how 
statistical methods affect us as engi- 
neers, and finally to get some idea of 
how it assists us in contributing to the 
science of engineering. 


PRE-WORLD WAR Il 

QUALITY CONTROL 
In this discussion, | shall use quality 
control in its original sense, |. e., statis- 
tical control of product during the pro 
cess of manufacture. According to Dr 
Shewhart, quality control was born in 
1924. During the late 1920's a number 
of important papers by Shewhart and 
others appeared in the Bell System 
Technical Journal, but Shewhart’s work 
did not attract serious attention unti! 
he was invited to give a series of lec 
tures at University College, Cambridge 


Addres: by the Society s Firat 
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England in 1932. Its cordial reception 
and utilization in England contributed 
much to its first real stimulus in the 
land of its origin 


In the 1930's quality control advanced 
steadily but relatively slowly. Outside 
the Bell System, it was used to a limited 
extent in a considerable number of the 
larger corporations, taught (or taught 
along with other statistical methods) in 
a few academic institutions, used to a 
limited extent by the Army Ordnance 
Department, and sponsored by the 
American Society for Testing Materials 
[3]. Not until 1940 was the American 
Standards Association Committee on 
Quality Control organized, and its War 
Standards Z1.1, Z1.2 and Z1.3 were pub 
lished [4] in 1941 and early 1942. Qual 
ity control's growth curve may have 
been exponential, but the exponent wos 
only slightly greater than unity 


This era was characterized by very 
strong emphasis on the engineering 
practicality of quality control. Essen 
tially, quality control consisted of: (1) 
selection of the sample, (2) inspection 
of the sample, (3) statistical treatment of 
the inspection results, ond (4) identifica 


tion and elimination of assignable 
causes of undue variability. The super 
iority of the control chart over other 
possible competing methods is the sta 
tistical validity of its control limits in 
providing a sound basis for action; 
its effectiveness is dependent upon 
prompt and competent engineering ac 
tion to locate and remove the causes 
of the bad quality that are signaled by 
the control limits. The 3-sigma_ limits 
were chosen because of their proved 
usefulness in practice and not on con 
siderations of mathematical probability 
Estimation, the analysis of variance, and 
calculated percentage probabilities were 
regarded rather as hazards to the ac 
ceptance of statistical methods in indus 
trial work 

Meanwhile, even we who were ad 
vising caution, were finding it highly de 
sirable not only to add variations to 
the control chart, but to add techniques 
to our stock which had little or nothing 
to do with process control. For ex 
ample, the use of range instead of 
standard deviation for small samples 
began early and gained rapidly in pop 
ular use, the control chart for defects 
per arbitrary unit arose from some ques 
tions asked the Ballistic Research Lab 
oratories by Frankford Arsenal about 
work where there was no apparent 
sample size; the concept of power 
curves or Probability of Acceptance 
Curves [6], [12] became popularly 
known as ‘O.C. Curves’ [5] in connec 
tion with the discussion of acceptance 
criteria; control charts with asyrnmetric 
limits proved useful in grading stocks 
of war reserve ammunition (quality de 
termination, not process control), etc 
However, probably the most important 
single contribution was the publication 
in 1941 of the Dodge-Romig Sampling 
Tables [6] which made readily avail 
able some sampling plans which began 
in the Bell Laboratories in the late 
1920's. The sampling tables gave a great 
stimulus to sampling inspection proce 


dures. This latter application certainly 
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is not quanity control (in the old sense) 
Dodge is author of the often quoted 
statement, You cannot inspect quality 


into the product 


Finally, both quality control engineers 


who held executive positions ond 
peopie who had observed the success 
for sta 


of quality control began to ask 
tistical analyses of complex data (much 
of this work is known today as Industrial 
Exper mentation [7] ana for statistica! 
aid in planning experiments so as to 
yield a maximum of information. Statis 
tical methods for quality control prin 


ple 5) were defir ite ly enter ng into 


fields other than process control A 
partial explanation for the very mod 
erate pre-World War II penetration of 
quality control principles into new fields 
is given in Figure ] The new fields re 


quire more q Jality control engineers 
and more general reception of statisti 
Quality 


barely established in its basic field of 


cal techn que control was 


manufac turing process 


THE POPULARIZATION OF 
QUALITY CONTROL 


World War Il found quality contro! 
ready for use, but neither the general 
public was ready to accept it nor were 


tf ere enouah quality control engineers 


fo acminister if ona arge s< ale A vari 
ation of the Control Chart technique 
known as Analysis of Acceptance Tests 
and Inspections had greatly assisted ti 
Ordnance De partment in the early 


pases of the emergency, and conse 


quently quality control was invited to 


; 


e conterence table when Ordnance 


plans were being finalized for the vast 


ar emergency Those who represented 
lity control recommended aaainst its 


eing given offi ai status, and recom 


enced instead that acceptance sam 
qo lec niques iB) pe | sed fo screen 
out bad quality lt was contemplated 


t at frequent rejections suffered by pro 
ducers of poor quality and infrequent 
rejections incurred by manufacturers 
who used quality control would be co 
aent inducements to the increased use 
of this statistical method which contr 

butes so much to the economical manu 
facture of uniform munitions [9]. This 
program proved so effective that simi 
lar systems were soon adopted by the 
Navy [10], Quartermaster Corps, and 
Signal Corps 
demand of industry for people trained 
in quality control became so strong that 


Almost concurrently, the 


upon the recommendation of a Commit 
tee of the National Research Council 
the War Production Board sponsored 
the 8-day training course under the En 


COMPLEX STATISTICA. ATTACK 
SOMETIMES REQUIRING RESEARCH 
iN MaTHEMATICAL STATISTICS 
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ANALYSIS OF VARIANCE 
AND REGRESSION TECHNIQUES 


EXTENSIVE USE OF DISTRIBUTIONS 
WITH CAREFUL CALCUL ATION 
OF PERCENTAGE POINTS OF 
PROBABLITY OISTRIBUTIONS 





BASIC CONCEPTS OF DISTRIBUTION 
wi} UITTLE USE OF PROBABILITY 


INCREASING COMPLEXITY OF STATISTICAL TECHNIQUE 
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STUDY OF 
SYSTEMS OR 
PROCESSES 
(INDUSTRIAL 

MANAGEMENT) 


INCREASING COMPLEXITY OF FIELO OF USE 








TECHNIQUE vs 


FIELD OF USE 





gineering, Science and Management 
War Training (ESMWT) programs in 
the principal cities of the United States 
Thus, executives and managers in many 
industrial firms learned of the practical 
and a 
arge body of persons was created in a 


advantages of quality control 


short length of time who had at least 


QO rudime ntary knowledge of quality 


ntrol techniques 


POST WORLD WAR Ii 
QUALITY CONTROL 


At the end of the wor, the quality 


yntrol engineers paused to consider 


oer professioral future Profesisonal 


en are never static. They either forge 
avead or drift backward. Quality con 
trol engineers needed an organization 
to further their professional education 
promote the exchange of ideas, and 
keep them aware of current affairs that 
affect their professional activities. This 
need led to the organization of the 
American Society for Quality Control, 
which was formed from the nuclei of 
the many small local societies that re 
sulted from the ESMWT programs. The 
trends in membership and particularly 
the caracter of articles in its journal, 
Industrial Quality Control, are evidence 
of te changing scope of quality con- 
trol, of how the profession of quality 
control engineering affects us, and of 
how we affect the science of engineer 
ing. The background that | have just 
outlined will help us in interpreting the 


evidence 


CHANGING PROFESSIONAL 
TECHNIQUES 

Let us first examine what changes are 
taking place in the basic tools of our 
profession and let us try to discover if 
the trend is in the right direction 

In 1941 the War Emergency Techni 
cal Committee questioned most ser 
iously the inclusion of a table of prob- 
bility limits, in addition to the table of 
3-sigma limits in the ASA standards. The 
extension was adopted largely on 
grounds of giving the documents broad 
est appeal 
no apparent harm, and surely cided in 


The probability limits did 


t'e dissemination of the work 

At the beginning of the War, many 
of us feared that emphasis on Accept 
ance Sampling techniques would resvu 
in their easily and to 
inspecting 
However, 


selling too 
people's falsely relying on 
quality into the product 
they did the country a great service 
extended the general use of statistical 
methods in acceptance inspection, and 
encouraged the broader use of process 
quality control 

During the period when ASQC was 
being organized, there was widespread 
apprekension of the influence of theo 
retical people. Emphasis was laid on 
keeping the journal at the control chart 
level. Today the tone of Industrial 
Quality Control is somewhere about the 
mid-point of the ordinate of Figure | 
However, | am not at this point pre 
senting an argument. | am only pre 
senting evidence 


INDUSTRIAL QUALITY CONTROL 


bution, but would in all probability rr 
sult in the decadence of the whole prc 
fession, and withdrawal of one of the 
strongest stimuli to the advancement of 


| 
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GENUINE SHIFT OF INTEREST APPLICATION PRIVATE OR 
—— | ried | | have promoted both the success and 
———EE 4 
NX 7 the advancement of quality control is 
ans” ~~ an attitude of scientific inquiry on the 
C urn DIVERSE ANO 

| orn | SUCCESSFUL | part of the persons engaged in it. At 
_} | [aomevement] | ates _ no time has anyone been willing to re 

l 
gord quality control as a_ finished 
~ ’ ho thesis. No one, from Dr. Shewhart on 

CHANNEL TO HANNEL TO CHANNEL TO CHANNEL TO 
nn -Queast¥ ROUTINE LEADERSHIP EXECUTIVE OR OTHER down has shown a willingness to dig 
CONTROL WORK Cc WORK NOC AND HIGHLY RESPONSIBLE f 7 : 
Ba Ay thee nify himself as any kind of ultimate au 
OF STATISTICAL thority. Rather, all have regarded them 
THOOS 
ae selves as students not only willing to 
5 4 

ask questions, but able and willing to 


FIGURE 2 


SCHEMATIC DISTRIBUTION OF PERSONNEL ENTERING THE 


FIELD OF MODERN QUALITY CONTROL 





CHANGING PERSONNEL 


The evidence of changing techniques 
examined in the light of 
changes in people. There is less con- 
crete evidence in this field and the 
presentation must, of necessity, be more 
subjective. By way of analogy, | would 
like to compare the persons in our qual 
ity control professoin with a model of 
a binomial machine (See Figure 2) 

At the end of World War Il, we had 
a large number of people who had at 
least a rudimentary knowledge of qual- 
ity control. Many are still entering the 
field, and | shall have more to say 
about this later. We may regard them 
as entering the binomial hopper. The 
first “wedge they encounter is the in- 
terest wedge. A decision at this point 
as to whether or not to go on with self- 
education in statistical methods is a 
matter of paramount importance. Loss 
of interest (and interest generally means 
learning more advanced techniques) ts 
probable loss of a leader, even prob- 
able total loss of an individual to qual- 
ity control. We might note in passing 
that the position of the interest wedge 
is largely influenced by the agency that 
imparts the rudimentary education and 
by members of ASQC 

The next diversion points which af- 
fect the careers of our people are the 
education wedges. The channels which 
result from these wedges are obvious 
from Figure 2. The position of the left 
hand education wedge is determined 
company 


must be 


argely by supervisors and 


MAY 1949 


policy; that of the right hand wedge 
by our journal, clinics, section meetings, 
and other ASQC activities as well as 
by individual initiative 


The positions of the achievement 
wedges are largely dependent upon 
the individuals, but are nevertheless in 
fluenced by favorable publicity given 
to quality control, the prestige of our 
organization, and recognition of the 
contributions of statistical methods to 
engineering 


The ‘tails’ of the final distribution 
are important. All persons channelled 
to non-quality control work are not 
only lost, but in self defense are likely 
to be detractors from quality control 
engineering. Those channelled to exec 
utive or other highly responsible posi- 
tions are not lost to quality control 
Whereas they probably become too 
busy to do much quality control work 
themselves, their achievement of high 
position is probably due at least in 
part to quality control, they maintain 
an interest in it and foster it, and they 
become the big consumers of quolity 
control information 


Of course it is not proposed that 
the distribution of quality control engi 
neers is (0.5-+-0.5)" or even that it is 
truly binomial. However, the mere 
framework of the illustration shows that 
confinement of our activities to the orig 
inal concept of quality control would 
not only withhold recognition from the 
mportant right hand port of the distri 


learn from each other. Thus quality con 


trol has not only proved inviting to 
engineering minds at industrial institu 
tions, but was constantly associated 
with academic institutions long before 
such association had achieved its pres 
ent-day popularity with 


laboratories 


industry and 


There is no more powerful stimulus 
to new things than the free exchange 
of ideas between workers. | have been 
asked if the Bell Laboratories were not 
very generous in freely disclosing their 
initial discoveries in quality control? | 
would say perhaps so, but it is not im 
portant; it is much more important to 
give those laboratories credit for using 
good sense. The biblical injunction, 
Cast thy bread upon the waters: for 
thou shall find it after many days,’ ap 
plies to ideas perhaps even more co 
gently than to material things. Impor 
tant as the Bell Laboratories’ contribu 
tions have been, they have almost cer 
tainly received far more in return than 
they have given. The exchange of ideas 
is @ mathematical anomaly in that all 
concerned can receive back more than 
they give. The firm that employs a qual 
ity control engineer should realize (a) 
that the man that it employs should be 
sufficiently competent to contribute 
something in response to scientific in 
quiry; not be just a receiver; (b) that he 
must be free to discuss his work with 
colleagues, and (c) that his attendance 
at technical meetings must be encour 
aged and supported [11] 
The firm that fails to recognize these 


financially 


things is not likely to get a good qual 
ity control engineer, and even if one 
could be acquired, he would be gravely 
handicapped in this relatively new and 


expanding field 
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SOMETHING OF THE FUTURE 
OF QUALITY CONTROL 


lf one will concede that quality con- 
trol is changing, we may well ask if 
the changing process is in its early or 
late stages and will it be for better or 
for worse? Again, in the light of history, 
| believe we can make a qualitative 
prediction, and we are in a fortunate 
position in error of even 
three or four will not change the qual- 
ity of the prediction. Figure 3 charts 
fields of industrial statistical 
activity against known bases of attack 
Certainly no claim for 


which an 


the four 


ing problems 
accuracy can be made for the distribu 
tion curves that | have drawn opposite 
each field of use in Figure 3; but, for 
the purpose of looking to the future 
tails 
are important. We are almost certain 
that the penetration of _ statistical 
methods is greatest in the bottom field 
(Manufacturing Process) and that it falls 


only the right hand of the curves 


off to a least value in the top field (Re 
search and Development). Furthermore, 
perfectly sure that quality 


even half its 


we can be 
control has not reached 
growth even in its major field (Manu 
Thus, quality 


facturing) control engi 


neering is in its early youth, and a 


great future lies ahead of it 


SOME TENTATIVE CONCLUSIONS 


|. In only a quarter century quality 
ntrol has changed so much that the 
some of 


term has lost its descriptive 


values. Nevertheless, it is still sufficiently 


valid tor there to be no temptation to 
change the name to a broader ond per 
aps no more desc riptive name, such as 
Industrial Statistical Methods, any more 


than there should be a wish to ex 


ange the sigma on the control chart 
shield of our society for an R We 


should merely understand what we 


mean by the name 

2. We should not resist the advancing 
frontier of quality control but encour 
age advancement by fostering the 
spirit of scientific inquiry and through 
such media as formal education, edu 
cational meetings, and other exchanges 
of ideas. However, the policy of insis 
tence on sound engineering along with 
every statistical attack should be unre 
lentingly continued Whereas the 
power of the technique inheres in the 
statistical concept, the marked success 
of its application and its consequent 
rapid growth in use is attributable to 
the engineering acumen of the people 
who apply it. It is the duty of ASQC 
to hold the balance here 


3. Quality Control so contributes to 
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METHODS USED 





the success of the engineer as to pro- 
quality control engineers 
out of the field of application to more 


mote many 


responsible positions 


4. Quality Control contributes to the 
science of engineering not only by en 
to do what he 
wants more swiftly, effectively, and as 
suredly; but by promoting whole sys- 
tems and processes from a traditional, 
intuitive or engineering rule-of-thumb 
basis to a firm and efficient scientific 
basis 


abling the engineer 
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Quality Is a Business Must 


J. P. SPANG, JR. 


PRESIDENT, GILLETTE SAFETY RAZOR COMPANY 


INTRODUCTION 


The American Society for Quality 
Control, as a formal organization, is 
three years old. In essence, you are 
centuries old. You know, as | do, that 
the reason for the existence of your 
Society preceded its birth by hundreds 
of years. Quality, and the contro: of it, 
have always been two of the ‘unda 
mental concerns of industry. even be- 
fore the industrial revolution, craft 
guilds rose and fell on the quality of 
their workmanship. The successful mer 
ufacturer, throughout the years must 
have constantly strived for quality by 
the very reason of his continued exist 
ence. Therefore, quality and its main 
tenance are as old as manufacturing 
itself 

| make these observations as a sort 
of preamble to my remarks tonight 
Their purpose is to indicate to you that 
management, though perhaps not tech 
nically trained in the subject matter of 
your science, is, and always has been 
deeply concerned with the problems 
you are helping to solve. The chairman 
of your convention, Mr. W. R. Purcell, 
has made this point most eloquently 
in one of his papers. He has stated that 
as a broad function, quality control is 
an essential element of good manufac 
turing monagement, and any industrial 
organization which its competing suc 
cessfully today must have had quality 
control in a fairly successful form since 
t was founded, otherwise it could not 
compete successfully 


| particularly like Mr. Purcell’s refer 
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ence to the necessary part Quality Con 
trol must have played from the begin 
nings of any successful organization for 
it to have maintained its leadership 
throughout the years in this competitive 
free enterprise system under which we 


live and work 


QUALITY CONTROL AT GILLETTE 


Without equivocation, | can _ state 
that management at Gillette is vitally 
interested in Quality Control. We have 
every reason to be. For nearly fifty 
years now, we have made a quality 
product. To the limit of our abilities 
and our resources, we are going to con 
tinue to make quality products 

Quality Control within the present 
day definition had its beginnings at 
Gillette in the fall of 1946. It was then 
that a department and staff, assisted 


by Dr. Joseph M. Juran, were set up to 


institute quality control methods in our 
manufacturing processes. Our exper 
ience record since then is the reason | 
can so frankly state our firm belief and 
deep interest in the methods you 
people have evolved. Our experiences 
in these past three years have enabled 
us to evaluate in dollars and cents the 
benefits we have derived. | should like 
to take just a few moments to cite 
some of these experiences 

In our razor division, savings ef 
fected by the institution of quality con 
trol have been considerable. Those 
methods were instituted in this division 
in the first quarter of 1947. By the 
middle of 1948, our costs from spoilage, 
rework and inspection were cut by 76 
percent. Translated into dollars, that 
76 percent became a figure that | can 
assure you was most impressive 

In this connection, | should like to 
What counts 


s results. To 


digress for just a moment 


most with management 
become accomplishments, results must 
be understood and appreciated by all 
levels of management. Management 
wants brief, non technical, and periodic 
reports, and in those reports keep the 
emphasis on the dollar results 

In effecting the savings | just referred 
to, the experience of one department 
in our razor division is strikingly illus 
trative. The operation in this depart 
ment is the soldering of a small metal 
cap over the legs of what we call the 
spider’ of our one-piece razor. The 
spider is that bar down the middle of 


our razor which positions the blade 


This soldering is Oo simple operation, yet 


t does require a definite degree of 

skill Reiect Ons for minor defects in 
c 
j 








this step were consistently running at 
a 25 percent rate. This was a real head- 
ache to come from a simple enough op 
eration 


The problem was studied from both 
quality control and a methods point 
Not to give you fellows all 
the credit, | will say that after this study, 


of view 


there was an improvement in methods 
But to quality control must go the major 
A sys 
tem of inspection was devised which in 
addition to eliminating 100 percent in 
spection, gave the operators a definite 


share of the improvement made 


incentive towards perfection in their 
work. Within a short time after the in- 
stitution of the improved methods, and 
the quality control system of inspection, 
rejects dropped from 25 percent to 2 
Today, and for the past sev 
eral months, the reject rate in that de 


percent 
partment has been consistently less 
than one percent 


The boost in the morale of employees 
which comes with the installation of 
quality control methods has an impor 
tance never to be overlooked. | was 
very happy to see this point stressed in 
an article in the New York Times a few 
Sundays ago. Mr. C. W. Kennedy, an 
other official of this convention, stressed 
a further benefit 
of adequate quality control is improved 


in that interview that 
employee morale Mr. Kennedy said 
that 90 percent of employees engaged 
in production want to do their work the 
right way, and subconsciously resent 
doing it any way which causes rejec 
tions. He cited examples in which ma 
chine operators make out their own 
quality control charts, at the same time 
demonstrating great pride in the record 
of their accepted output 


In addition to these concrete evi 
dences of the effectiveness of quality 
control, management, | sincerely be 
lieve, feels that quality control makes 
the manufacturing road a much safer 
one on which to travel. Quality con- 
trol gives us the directional signs. It 
becomes a road map. The road itself 
is no different, but with the aid of these 
signs, the driver is guided so that he 
avoids wrong turns, accidents, and gets 
to his destination more safely, more 
quickly, and more efficiently 


QUALITY CONTROL ESSENTIAL 
IN ALL PHASES OF SUCCESSFUL 
MANAGEMENT 
In any talk on quality, or quality con 
trol, it must be remembered that the 
turning out of a quality product is not 
governed entirely by gauges, micro- 
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meters, photo-electric cells, control 
charts, or three-sigma limits. No, a 
quality product is not the result of the 
manufacturing process alone. In this 
| am sure you will agree with me. | am 
sure you will agree that a fine candy 
could not be turned out, even with qual- 
ity control, under unsanitary working 
conditions. An intricate mechanism- 

oa watch for example, could not be as- 
sembled in a poorly lighted factory 
Quality must be evident in every phase 
of a successful business today from the 
first workings of the raw material right 
down to the time the end product is 
placed in the consumer's hands. That 
means in your factory, your personnel, 
your market research, your sales 
methods and your advertising 


The plant, or factory, in which a 
product is manufactured must be well 
lighted, well ventilated. Colors used in 
the interior of a factory can do much 
toward making working conditions 
more pleasant for your employees. Ade- 
quate and easy access from one part 
of a plant to another is a factor to be 
considered. An adequate recreational 
program is by no means removed from 
the essentials which go into the manu- 
facture of a quality product 


Of even greater importance, you will 
agree, than the working conditions 
themselves is the quality of the person- 
nel for which you provide those work- 
ing conditions. In the selection of this 
personnel the greatest judgment should 
be exercised. | do not mean that exer- 
cise of this careful judgment should ap- 
ply only to top personnel or to fore- 
men or to supervisors. The right person 
for the right job is important no matter 
how small a part that person's contri- 
bution may play against the total. We 
here in New England, of course, may 
have been spoiled in the matter of fine 
workmen and fine workmanship. We 
have for long been noted for our skilled 
labor force. This has been a decidedly 
contributing factor to the reputation of 
high quality products turned out by 
this section of the country. 


| would say then that the first two 
essentials in the manufacture of a qual- 
ity product are (1) the quality conditions 
in the plant where the product is manu- 
factured, and (2) the quality of the per- 
sonnel which turns out the product. 
These are the tangible factors which go 
into the manufacture of a quality prod- 
uct. Never lose sight, though, of the 
intangibles. Market research is one; 
advertising is another; sales methods a 
third 


No matter how fine a product you 
may turn out, the day has long passed 
when the public will beat a path to 
your factory to purchase it. Modern 
marketing methods must be employed 
to move that product from the factory 
to the consumer. In these modern 
methods market research has become 
of primary importance. Marketing re- 
search is no longer limited to the desig- 
nation of markets by income group, by 
population, by types of consumer. It 
goes much further these days. Market 
ing research is a method of testing a 
product. A manufacturer may well turn 
out what he considers a quality product 
This product may be termed 2 quality 
one by all standards that research lab 
oratories and technicians can devise, 
and yet the consumer will have none of 
it. Here's where marketing research 
comes in. Once this product has been 
turned out with all the refinements the 
engineers and technicians can devise, 
it must first be tested for consumer ac- 
ceptance or lack of acceptance 


This is what we do at Gillette. Be- 
fore we even consider national distribu- 
tion of a new product, or of an im- 
proved product, we prove in this prod- 
uct by testing it in selected areas 
throughout the United States. We make 
a regular distribution of this improved 
product ig, say, two of the six test cities 
we maintain. Then we check its con- 
sumer acceptance by way of sales 
against the sales in two other of our 
test cities where we have not as yet 
introduced this new item. We check tke 
reaction of the retailers who are hand- 
ling our new product. We make door 
to-door checks of consumers who have 
purchased this new product. We ask 
them if they like it better than the old 
We ask them why they like 
If contrarywise, they are not 


product. 
it better 
satisfied with the product, we find out 
why. We find out the reasons from t*e 
very source which is our ultimate aim 
—the consumer. This is the application 
of quality control techniques to market- 
ing. 

We in Gillette have long been firm 
believers in testing. We like to know 
not only the consumer's opinion of our 
products but his opinion of the products 
of our competitors and, believe me, we 
do get this information. Further, we act 
upon it. 

This testing is not limited to the prod- 
uct itself. We also pretest all our ad- 
vertising. Before final decision is made 
on any proposed advertising campaign, 
the ads in that campaign are tried out 
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in our test towns. The campaign is 
tested not only by the insertion of our 
visual advertising in local newspapers, 
but we also test our radio and television 
advertising. We cut our test cities out 
of the national network commercials, 
and have local announcers cut in the 
new commercials we are testing. We 
will do this in say three of our test cities 
and not do it in the other three. Thus 
we set up a definite control for this test 
by seeing what effects on sales the pro- 
posed campaign has as against the 
sales resulting from the current cam- 
paign 

In my mind, pre-testing and market 
research really pay off. They minimize 
the chance of self-deception. That is, 
you are far less likely to find yourself 
stuck with a product that is profession- 
ally perfect, but which fails to sell be- 
cause it does not stimulate the nerves 
that run from your customers minds to 
their pocketbooks 


Thus we see that right down the line 
quality is of utmost importance. On to- 
day's business scene quality in working 
conditions, quality in personnel, quality 
of marketing research and selling, and 
quality of advertising all must be there 
to round out the manufacturer's making 
and marketing of a quality product 


THE BUYER KNOWS QUALITY 


As a manufacturer | firmly believe 
that quality of product is more impor- 
tant today than it has ever been. It 
has become increasingly important as 
we get deeper and deeper into a buy 
ers market. No longer are the substi- 
tutes of the war years and the conver 
sion years satisfactory to today's con- 
sumer. Today when a consumer spends 
a dollar he or she wants to make cer- 
tain of a dollar's value. We all recall 
the rapid rise during the wor years of 
what is called ‘‘off-brand’ merchandise. 
We smoked off-brand cigarettes. We 
used retread tires. We wore just about 
any kind of shirt our money would buy 
with little or no thought to its quality. 
In the razor blade business there were 
literally hundreds upon hundreds of 
brands of blades which came on the 
market during those years. They were 
rushed to the market, with little or no 
thought to quality, at a time when the 
majority of our blades and other recog- 
nized brands were going to the men in 
the armed services 

We have seen, too, the equally rapid 
disappearance of this off-brand mer- 
chandise. When nationally advertised 
products of known and fong accepted 
quality came back on the market, there 
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was a rush on the part of the public 
to buy them. The public knew that the 
quality of these products was there. 
The intervening war years did not erase 
from the public its memory of the in- 
herent values in products made by 
manufacturers who stressed quality. 


SOME ENCOURAGING 
ECONOMIC FACTS 


This public rush to buy, which made 
1948 the record year in our nations 
history, has slowed down a bit. | am 
sure that you are all aware of this. You 
have all seen evidence of this dip on 
the financial pages of the papers you 
read. First quarter 1949 earnings nave 
dropped, but | by no means go along 
with those who are predicting dire 
things for our economic future. It ts 
my feeling that the period we are now 
in is one of price readjustment. The 
downward trend in prices simply indi- 
cates that man-made laws or govern- 
ment edict cannot prevail against the 
laws of nature, specifically against the 
law of supply and demand which is now 
reasserting itself as supplies come into 
balance with demand. It may be too 
optimistic to feel that we can have as 
good a year in 1949 as we had in 
1948, but certainly there are no real 
reasons for us to feel that we are going 
to have a bad year. There have been 
no abnormal changes in our economy 
thus far which could bring about such 
conditions. 

Let us take just a moment or two to 
check up on some significant statistics 
governing our economy today. First, a 
recent report by the National Associa 
tion of Mutual Savings Banks shows ac- 
tual savings to be eighteen billion dol- 
lars. That is a lot of money. That is 
a lot of money in the hands of our 
consuming public. It represents real 
purchasing power. This Association fur- 
ther stated that savings in the first quar- 
ter of this year had increased by 290 
million dollars over the last quarter of 
1948, and the total savings represent 
a 17% increase over the same period 
a year ago. 

Contrast that eighteen billion dollars 
in savings with the personal savings in 
1939 and 1940, the two years generally 
used these days as base points. In 
1939 personal savings were two billion, 
seven hundred million. In 1940 they had 
risen to three billion, seven hundred 
million. | do not mean to infer that 
we are to consider 1939 and 1940 as 
normal years. | cite figures for those 
years for the principle reason of show 
ing you how greatly our economy has 
expanded in the past ten years. Em 


ployment is still at a high figure. The 
most recent reports of the Bureau of 
Census show that in March of this yea 
the gainfully employed numbered 
57,644,000. That is ten million more 
employed than were at work in 1940 
and thirteen million more than were 


working in 1939 


Our gross national income in 1939 
was 72'/, billion dollars. The fourth 
quarter of 1948 showed gross national 
income at the rate of 232 billion dollars 


Just one more figure and we will put 
statistics aside, but | do want to stress 
this figure because it is an important 
one. In 1939 personal income was 72 
billion 600 million dollars. In February 
of this year personal income was at an 
annual rate of 217 billion dollars—three 
times as great as it was in 1939 


Figures such as these, | feel, should 
certainly put to rest this dire talk that 
we are hearing in so many places these 
days. Our 
panded greatly 
we have had an amazing population 


entire economy has ex 
In the past ten years 


increase. Since the last census in 1940 
the population of this nation has in 
creased by 17 million persons, a 13 per 


cent increase in nine years 


The figures | have just recited are in 
dicators of a strong and healthy econ 
omy. They are indicators of an econ 
omy which can be expanded still fur 
ther. To bring about this expansion 
however, and to continue our present 
prosperity is going to be a job at which 
all of us will have to work hard. None 
of us can sit back and be complacent 
about the direction in which we are 
going. | think that each and every one 
of us has a very definite job at hand to 
see that our government—loca!, state 
and national—allows us a better cli 
mate in which to do business. This is 
not a job for the other fellow; this is 
a job for you and me. 


FOREIGN RECOGNITION OF 
AMERICAN-MADE QUALITY 


The figures and conditions | have just 
spoken about pertain solely to the do 
mestic scene. There still exists on top 
of this a world hungry for the quality 
products that have made this nation 
foremost among nations. The economic 
outlook in Europe is definitely better 
today than it has been for many years 
Marshal Plan aid is nearing completion 
of its first full year 
Europes economy will most certainly 
be reflected over the long pull in an 


Improvement in 


increased demand for American-made 
products. As those nations complete 
the first step in their recovery programs, 
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there may quite likely be a drop in ex- 
ports of some of the products we hove 
been supplying. But | feel thot this will 
be for only a short time. | feel, too, that 
whatever slack may develop in our ex- 
ports can be taken up by stockpiling 
in this country, and by our proposed 
armament program 


For the long puli, economic improve 
ment in other countries throughout the 
world must result in higher living stand 
ards. As the living standards of those 
peoples improve, the markets for Amer 
ican-made, quality products will ex 
pond opportunity 
exists in foreign countries today for 
methods and quolity 

American manufac 


tremendously An 
quality control 

control personnel 
turers are becoming increasingly aware 
of this. They are responding to this 
condition by building plants in foreign 


countries 


We at Gillette are doing just that 
ourselves. Within the next month we 
will add to the seven foreign factories 
we now have in operation, a new one 
in Mexico City. We expect to be in 
production there very shortly. In the 
past few years we have also expanded 
our operation in other foreign coun 
tries. We recently opened a new plant 
in Switzerland. We have doubled the 
capacity of our factories in Brazil and 
the Argentine. In England and France 
production of Gillette products has 
been greatly stepped up. And in all 
these expanded, or new activities, qual 
ity control techniques are playing their 
important roles 


You would be amazed and pleased, 
of course, as | was on my trip to Eu 
rope last summer at the automatic re 
spect foreign consumers pay to prod 
ucts made either in America or by 
American methods. Just recently an offi 
cer of our company returned from three 
weeks in Latin American countries and 
he, too, was greatly impressed by the 
automatic endorsement given by the 
peoples of those countries to that good 
old label “Made in U.S.A." 


In this country we stand in a certain 
amount of awe before imported prod 
ucts. The respect we pay, however, is 
as nothing compared to the respect 
paid to products imported from Amer 
ica, In Latin American and European 


countries when one speaks of “im 
ported he means an American-made 
product. It may be true that there does 


exist a fundamenta! smoldering of re 
against Americans by the 
peoples of many lands, but this resent 
ment does not extend to the point 
where they dont want our goods 


sentment 
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| mentioned just a moment ago that 
Gillette was building a factory in Mex- 
ico City. You can be assured that even 
as the machinery is being installed, 
controls are being set up to insure the 
quality of the products which we will 
manufacture there 


Let me illustrate even further the tre- 
mendous respect paid American-made 
products by persons living in foreign 
lands. We know that once our Mexico 
City plant is in operation, we will have 
a drop in sales of our products there 
for a period of time. Why is this? It 
is because the blades and the razors 
we turn out in Mexico City will no 
longer bear the label “Made in U.S.A 
At first the Mexicano will not believe 
that our products made in his own 
country can be as good as those made 
here in Boston 


They will be, of course. We will in 
stitute the same quality control methods 
in our Mexico City plant that we use in 
Boston, and in our other plants through- 
out the world. Each month samples of 
blades made in our foreign plants are 
received in Boston for comparative in- 
spection with those made here. By the 
same token, blades made each month 
in our Boston factory are sent to our 
foreign plants for comparative inspec- 
tion. The slightest deviation in uniform- 
ity is a matter for immediate corrective 
measures. 


The reason that we are anticipating 
a drop in sales for a short time after 
the opening of our Mexico City plant 
is based on actual experience. Back 
in 1942 we opened a plant in the Ar- 
gentine. This may test your credulity 
but our records show that for a period 
of several months after we opened the 
Argentine plant, sales dropped by 
50° There is the bright side, of 
course. Once we got underway in the 
Argentine and the Argentinians were 
convinced that Gillette products made 
in Argentina were every bit as good 
as Gillette products made in the U.S.A., 
our sales rose three times above the 
best year we had ever had in the Ar- 
gentine 


As late as the recent war years this 
distrust for products not made in the 
U.S.A. showed itself again. When the 
greater portion of our products was 
being supplied to the men in the armed 
services, it became necessary for us to 
supply certain countries in South Amer 
ica Colombia and Venezuela to be 
exact—with blades made in our Argen- 
tine factory. Prior to this those coun 
tries had been supplied from our Bos 


ton plant. We shipped several million 
blades to those countries from the Ar- 
gentine. They bore the imprint “Made 
in Argentina.” Again records show 
that it was most difficult to move those 
blades. 


| don't want to give you the impres- 
sion that it is only in the Latin and 
South American countries where this 
great admiration for American products 
exists. The same is true in Europe 
Again our experience supports this 
statement. Before we opened our fac- 
tory in Paris, France was supplied 
blades from the Boston factory. On one 
occasion it became necessary for us 
to ship from our Montreal plant, and 
with the blades stamped ‘Made in 
Canada, we had the same experience 
in France as the one | have just related 
to you regarding Colombia and Vene- 
zuela. 


There are other examples, many of 
which dramatically illustrate the desire 
by peoples in foreign countries for 
quality-made American products. Other 
manufacturers who have built plants 
in foreign lands have had experiences 
similar to our own. All these exper- 
iences show that there is no substitute 
for quality. 


THE MARK OF QUALITY 


This nation is known throughout the 
world for its industrial know-how. It is 
known throughout the world for the 
quality of the products this know-how 
turns out. You people have made a 
definite and valuable contribution to the 
quality of the products which have 
made this nation the industrial leader 
of the world. 


Quality products, as | said before, 
cannot be made and sold without the 
stamp of quality being affixed to every 
step in the manufacturing and market- 
ing process. Certainly by now this has 
become evident to the peoples in for- 
eign lands. If they examine into the 
reasons why this nation has forged into 
industrial and quality leadership, as | 
feel they have, then they must come to 
but one conclusion. The mark of qual- 
ity must be an inherent part of our com- 
petitive, free enterprise system. Our 
standard of living, higher than that 
achieved by any other nation in the 
history of man, is a still further indica- 
tion of this. 


There can never be a substitute for 
quality whether in the manufacture of 
a better mousetrap or in the political 
ideology which has made a nation of 
free people great and strong 
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1. INTRODUCTION 


The statistical control of industrial 
processes by means of Shewhart con- 
trol charts is largely an empirical 
science. Many handbooks and working 
manuals on the control chart methods 
contain a passing reference to the exist- 
ence of an underlying mathematical 
theory, and advise the interested reader 
to seek it elsewhere. However, not 
much of the theoretical basis has ever 
been published. Further theoretical de- 
velopment seems desirable even though 
the methods have been so successfully 
applied without this. It permits other 
answers than those beginning ‘Experi- 
ence indicates . . .” to questions arising 
in certain situations where charts are 
being used or considered; for example, 
questions as to appropriate sample size, 
or the suitability of the customary 

three-sigma’ control limits, etc. We 
do not claim that such decisions should 
be based only on theoretical consider- 
ations, but merely that one can have 
more confidence in decisions made in 
the light of theory than in the dark. 
This paper is intended as a step toward 
further developing the theory. 


The theoretical basis of these or any 
other statistical methods is to be sought 
in the mathematical theory of prob- 
ability. The property of a statistical 
method generally considered most im- 
portant by the theoretician is_ its 
operating characteristic (abbrevi- 
ated OC). Quality control engineers 
are thoroughly familiar with the notion 
of the OC of an acceptance sampling 
plan for attribute sampling. In that case 
the probability that a lot with a pro- 
portion p of defective items will be re- 
jected by the plan is a function of p; 
this function is the OC of the plan, and 
its graph is the OC curve. (It is custo- 
mary in the case of acceptance sam- 
pling to use the probability of accept- 


* An invited address given at a joint meeting 
of the Institute of Mathematical Statistics and 
the California Section of the American Society 


for Quality Control, San Diego, June 18, 1947 
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EDITOR’S NOTE 


Some of the symbols appearing 
in this paper, although standard 
in the general literature of sta- 
tistics, have seldom or never ap- 
peared before in IQC. Because 
they may therefore be new, and 
hence unfamiliar, to our readers, 
we give the following glossary. 
m—m’ The absolute or nu- 

merical value of the difference; 

thus, |4—6| = 2. 


K Lower case Greek letter 
kappa. 

0 — Lower case Greek letter 
rho. 

t Lower case Greek letter 
tau. 

Symbol meaning ‘is greater 
than, or simply ‘greater 
than. 

Symbol meaning “is less 


than,’ or simply ‘less than. 

Pr[R >Dyo’| — Read this as “The 
probability that R is greater 
than Doo’ 











ance rather than the probability of re- 
jection; the latter is more convenient 
with the control charts, and we want to 
preserve the analogy. Of course if we 
know one, we know the other, since 
they must add up to unity). While the 
OC does not tell the whole story of 
the action of an acceptance sampling 
plan, it is usually the most useful single 
tool for analyzing the plan: the only 
rational way of comparing the effects 
of two different sampling plans involves 
a comparison of their OC's. 


In control chart practice two different 
but related phases are distinguished; 
one? is called “control with no standard 


= For a discussion of the relation of this phase 
of control chort practice to analysis of var 
ance and chi-square tests see Scheffe’ 
Journal of the American Statistical As- 
sociation, vol. 42 (1947), pp. 425-431 


given, the other, “control with respect 
to a given standard.” We shall discuss 
the OC's for the case where a standard 
is given and where the quality charac- 
teristic being controlled in the sequence 
of items produced is one that. can be 
measured on a continuous scale; for 
example, the diameter of a shaft. This 
quality characteristic will be denoted 
by X; it varies from item to item in the 
sequence being produced. “Giving a 
standard’ means specifying a mean 
and standard deviation for X. Of course 
such a standard is not just dreamed up 
but is set in the light of the analysis of 
past results with the process or a simi 
lar process; we set a standard which 
we have some hope of attaining. The 
specified mean and standard deviation 


are customarily denoted by X’ and o’, 
but we shall denote them by m’ and o’ 


The control chart procedure for con 
trol with respect to the given standard 
is to take a sample of n items from the 
process at more or less regular time in 
tervals, perhaps a sample of 5 succes 
sive items about once an hour. The 
average X and the range R of the 
sample are immediately calculated and 
plotted on two control charts, each con 
sisting of a horizontal time-axis, a ver 
tical X and R-axis, and a pair of hori- 
zontal control lines. The control lines 
for the X-chart are set according to the 
formulas (UCL denotes ‘upper control 
limit,’ etc.) 

(UCL)x = m’+-Ad’, 

(LCL)x — m’—Ad’, 
where, for so-called ‘'three-sigma limits’ 
the factor A is listed in well-known 
tables*; it is actually A = 3/\/n. More 
generally, for k-sigma limits it would 
be A= k V/n. The upper control line 
for the R-chart is placed at a certain 
multiple of o’, say Deo’: 

(1) (UCL), —=Dyo’. 


For three-sigma limits Dz is listed in the 


" 
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standard tables mentioned above. For 
k-sigma limits it may be calculated eos 
ily from the same tables‘ 


The reader's attention is called 
to our use of the symbols A and 
D. in a different way from that 
to which he may be accustomed: 
We repeat thot we use them for gen 
eral k-sigma limits, whereas ordinarily 
these symbols are restricted to three 
sigma limits. To simplify the discussior 
we shall assume the lower contro! limit 
on the R-chart is always taken at zero” 
As long as the plotted points fell with 
in the control lines the process is not 
interfered with, but as soon as a point 
on either chart goes outside the contro 


lines the process is stopped, the judg 


men? is nv ade thot the process not in 
the desired state of statistical contro 
and the cause of the supposed trouble 


is sougnt, and, if possible, eliminated 
This is GC somewhot sin plified version of 
what is really done, but even so the 
following d scussion may seem omo! 


cated enough to some readers 


2. ASSUMPTIONS 

The OC of the control chart method 
may now be defined by analogy with 
the familiar concept of the OC of an 
acceptance sampling plan. Just as with 
an ac ceptance sampling plan we accept 
or reject the let on the basis of a 
sample from the lot, we may likewise 
say that with the control chart method 
we accept or reject the process every 
time we plot the points on the charts 
according as both points are inside 
their contro! lines or not. Just as the 
OC of an acceptance sampling plan is 
the probability of rejection of the lot 
considered as a function of the lot qual 
ity p, so with a control chart the OC is 
the probability of rejection of the pro 
cess, that is, the probability that the 
plotted point go outside its control 
lines, considered as a function of the 
state of the process. (We could con 
sider the joint OC of the two charts but 
it is More convenient to consider the 
OC's of the two charts separately). The 
complete OC of a control chart would 


' For k-sigqma mits toke the upper ontro 

mit at de+kiDe—d,) 3 the ower contro 
mit at d k(Dy—d 3 unless this is nego 
tive, whe t ss replaced by zero; the ds and 


of these formulas ore those sted in the 
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CTERISTICS FOR THE R-CHART 





tell us for every possible state of the 
process what is the probability that the 
point on the chart go outside the con 
trol lines when the process is in this 
state 


Here we encounter something that ts 
inherently much more complicated for 
processes than for lots. For the purpose 
of discussing acceptance sampling 
plans the state of a lot can be com- 
pletely characterized by a single num 
ber p, namely the proportion of defec 
tives in the lot. But the possible states 
in which a process might be have a 
variety that staggers the imagination 
The complete OC would involve calcu- 
ating the probability of rejection for 
all these possible states of the process 
and since it is not feasible even to 
catalogue them, we must be contented 
with a partial determination of the OC, 
say for a relatively small number of 
states which may be of some practical 
interest. The situation is akin to that 
of having to determine the topography 
of a region which has never been 
mapped before. We can't determine the 
elevation at every point of the terri- 
tory, but we must get clong with what 
we can conveniently get: an incomplete 
mapping thot takes into account some 
points of practical interest is far super 
ior to no mapping at all 


The incompleteness of our descrip 
tion of the OC's of the control charts 
lies in the fact that we shall restrict our 
selves to those cases in which the 
sample of n may be regarded as a 
random sample from some normal 
population, not necessarily that with the 
mean m and standard deviation o 


specified by the standard. Under this 
assumption, if the process is in the 
specified state of statistical control, the 
sample will then be from a normal pop 
ulation with mean m’ and standard de 
viation o’, and we consider only those 
deviations from the specified state of 
statistical control in which the process 
may be represented by another normal 
population, say with mean m and stan- 
dard deviation «. One heavy restric 
tion in our calculations is that we as 
sume that the normal curve describing 
the process does not change while the 
sample is being taken 

Even with all these simplifications 
there are still six parameters entering 
our calculations: the specified mean m’ 
the specified standard deviation a’, the 
true mean m, the true standard devia 
tion o, the sample size n, and the con- 
stant k or D. which depends on whether 
three-sigma limits or some other limits 
are used on the chart 

It is accordingly a relief to find that 
it is possible to take all these paro- 
meters into account and yet have only 
a single diagram for the OC's of all 
X-charts and another for all R-charts 
This is accomplished by using two meo- 
sures, which we shall denote by S and 
T, for the departure of the process from 
the state specified by the standard 

S a/a, 

T m—m’ / 0” 
We may think of the letter S standing 
for ‘spread’; it is the ratio of the true 
standard deviation of the process to 
that specified by the standard. The 
other letter T may stand for ‘‘transla- 
tion’: it is the amount the true mean of 
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the process is shifted from that specified 
by the standard, measured in units of 
the specified standard deviatior 


3. GRAPHS OF OC’S 


The OC of the R-chart is pictured in 
Figure Along the vertical axis we 
have the probability P, that the process 
will be rejected on the basis of the R- 
chart, that is, the probability that the 
point on the R-chart will fall above the 
sypper control line. This does not de 
pend on the translation T but only on 
the spread S. If we plot along the hori 
zontal axis not S but S/Ds, then the 
same diagram can be used for all set 
tings of the upper control line: we re 
call from (1) that Dy. determines the 
upper control limit on R. The different 
OC curves on Figure 1 correspond to 
different sample sizes n 


To illustrate the use of Figure 1, sup 
pose the popular sample size n 5 is 
used and that the value of Dz» is that 
given in the standard tables for three- 
sigma limits, namely Dz» 4.92. Let us 
ask first what is the probability of re 
jection of the process on the basis of 
the R-chart if o has its specified value 
ao’. Then S 1, $/Dz 1/4.92 20 
On the curve for n 5 we read that 
for S$/D.—.20 the probability Py, is 
somewhere between .00!] and 01 (this 
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s sufficiently accurate for most indus 


trial purposes where merely an order 


of-magnitude statement is usually 


wanted) 


We might ask next how large the 
spread S of the process has to be be 
fore there is an even chance (Pp 9) 
of its being detected on a single appli 
cation of the R-chart. For n 5 we 
find that if Pp Y, then S/D» 45, 
or S 45 Dy = (.45)(4.92) = 2.2. This 
means that the standard deviation of 
the process has to increase to 2.2 times 
its specified value before there is a 
50°,, chance that trouble will be indi 
cated by the R-chart 


lf this is not satisfactory, thot is, if 
we want a higher probability that such 
co spread will be indicated by the R 
chart, there are two things we can do 
One is to set the UCL lower, that is, to 
use a smaller Dy. This is done at a 
price, however, for then we also in 
crease the probability of looking for 
trouble when there isnt any. To give 
a concrete example of this effect, sup 
pose we want a probability of 9 of 
detecting a spread S as large os 2.2 
On the curve for n we find P», 


9 when S/D. 80, so that D» S/.80 

2.2/.80 275. However, if we set 
the UCL with D. 2.75, then when 
7 1, $/D. 36, and from the same 


curve Py, 3 for this value of S/D. 
This means that with such a setting of 
the UCL the R-chart would indicate 
trouble about 30°,, of the time when 
the standard deviation has its specified 
value, and this would of course be in 
tolerable. We have here a _ typical 
situation arising when we have to 
hoose a statistical method. Two kinds 
of errors are possible: in this case we 
may look for trouble in the process 
where there isnt any, or we may ig 
nore trouble when it exists. For a fixed 
sample size” we can in general reduce 
the risk of one kind of error only at the 
expense of increasing the risk of the 


other kind 


The other thing we can do to get a 
higher probability that the R-chart will 
detect a spread of 2.2 is to increase the 
sample size. Thus if we take sample 
size n 12 and require a probability 
of 9 of detecting ao spread of 2.2 we 
find, proceeding as before but using the 
curve for n 12, that we would have 
to take D 5.0 and that then the 
probability of R exceeding its UCL 
when S 1 would be about .02. In 
quality control work this would usually 
be considered too large a risk of look 
ing for non-existent trouble, and so with 
n 12 we would be likely to take D 
a little larger. Our object here is not 
to decide on the Ds» that might be ap 
propriate in a given situation but rather 
to make clear that whatever D.» and n 
are considered, the effects of using the 
resulting R-chart are computable from 
its OC which is graphed in Figure 1 


We turn now to the OC of the X 
chart. This is harder to picture because 
the probability Px of rejection depends 
on both the spread S and the transla 
tion T. To picture the function Px geo 
metrically we would have to plot it as 
the ordinate to a surface above an S, 
T-plane. Figure 2 shows certain con 
tours of this surface which are of in 
terest. Suppose k-sigma limits are used 
on the X-chart with sample size n. It 
turns out that if instead of plotting S 
along one scale we plot S/k, and in 
stead of plotting T along the other 
scale we plot T\/n/k, then the same 


contours are valid for all k and n 


To exemplify the use of Figure 2 we 
might consider the chance of detecting 
various shifts of the mean when the 
standard deviation has its specified 


value so that $ ]. lf we use o three 


sigma chart with sample size 5, then 








k == 3, n = 5, S/k = 1/3, so thot when 
the mean shifts we run up and down 
the vertical line S/k = .33. If the mean 
has its specified value, then T=—0, and 
we read that Px, the probability of 
rejection, is somewhere between .00] 
and .01 (it is actually about .003). If the 
mean shifts a distance equal to half a 
standard deviation, then T='/., T\/n/k 

¥,\/5/3 = .37, and we read that 
Px is less than .| 

It is of interest to see how the X- 
chart reacts to change of standard de- 
viation when the mean has its specified 
value. In this case we run along the 
lower edge of the diagram where T 
0. We might ask how much the stan- 
dard deviation has to increase from its 
specified value before there is an even 
chance of it causing rejection on the 
basis of the X-chart. We find when 
T 0 that Px 1/2 for S/k 1.5, so 
that with k=-3, the spread S must equal 
4.5. It thus takes quite a large spread 
of the standard deviation for there to 
be much chance of its showing up on 
the X-chart. An interesting phenome 
non indicated by this calculation, where 
we run along the lower edge of Figure 
2, is that the sensitivity of the X-chart 
to spread of the standard deviation is 
independent of sample size: when the 
translation T=—-0, Px depends on S$ 
ond k but not on n. 


4. A CRITERION FOR JUDGING 
AN (5S, T) PAIR 


A question which may already have 
troubled the reader is this: every pair 
of values (S, T) represents a possible 
state of the process. For some of these 
pairs (S, T) we would like the charts to 
indicate trouble, and for some, not 
How important is it, for a given pair of 
values (S, T), that trouble be indicated 
or not indicated? This depends on the 
tightness of the specifications to which 
we would like the process to conform 
the tighter the specifications, the less 
we can afford to have the meon wan- 
der off or the standard deviation in- 
crease from their specified values 

We can get a numerical measure of 
how objectionable a given pair of 
values (S, T) is by considering the frac- 
tion F of bad production they cause 
This fraction F is arrived at as follows 
Suppose acceptable values of the qual 
ity characteristic X are defined by a 
pair of specification limits LSL and USL, 
such that any X falling in this interval 
is satisfactory, and any X falling out- 
side is not. We recall that the state of 
the process is assumed to be repre- 
sented by a normal curve with mean 


16 





















































r Fe *./ fae 5 far 
| 
£ | | | Tgok! Yi | 
*5+-OC or R-CHART |}— Ans 
f= fraction of prodve- i 
4° |-+ion outside of spec///- T 
carrion mrs ar | 
35| 7" t= 450" ! 
‘3- Sigma’ charts with 
neSF 
JO nd 
261i oa 
EEE —————EE 
ee ee 
ott 
F ii = 
'é) oe de he i 7" \ | ‘} in | i li s 
1616.2 S$ «+ S 6 8 /0 2 [Alels2 4. é6¢¢80 
FIGURE 3 — OPERATING CHARACTERISTICS FOR THE X-CHART 
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m and standard deviation o. We define 
the fraction F of bad production to be 
the area under this curve and outside 
the interval between the specification 
limits. We can now use F as a criterion 
to judge a given pair of (S,T) values: if 
the F for the pair is high, this pair is 
undesirable; if the F is low the pair is 
acceptable 

The same Figure 2 can be employed 
to find the F value which expresses how 
good or bad any (S,T) pair is, provid- 
ing the specified mean m’ is set midway 
between the specification limits. In 
that case the specification limits can be 
expressed as m’ plus or minus a certain 
multiple x of oO, 
(2) USL =m +x«<0, 

LSL m'—x 0. 

For any given (S,T) the fraction F is the 
same as the Px we read from Figure 2 
if we enter with n 1 and k equal to 


To illustrate this, suppose that in a 
certain application of the contrcl chart 
method the distance between the speci- 
fication limits is equal to 9 times the 
specified standard deviation «’, and 
that the specified mean m’ of the given 
standard is set midway between LSL 
and USL, so that « — 4.5. The reader 
may recall that for sample size 5 we 
calculated that there was only a small 


chance (less than .1) of detecting a 
half-sigma shift of the process from the 
specified mean when the standard de- 
viation remained fixed at its specified 
value; this state is represented by (S,T) 

(1,2). To find how important it is 
in the present application to detect a 
deviation of this amount from the given 
standard we calculate the fraction F 
from Figure 2. In place of k we use 
K 4.5, so we enter on the horizontal 


scale with S/« 1/4.5 22; for the 
vertical scale we take n 1 and enter 
with T/« 5/45 11; the result is 


that we find F is considerably less than 
001. In this case we are quite happy 
about the X-chart's not being sensitive 
to such a deviation; with tighter speci- 
fications we would find a larger F and 
perhaps feel less happy. 

In order to judge whether, for oa 
given situation, the OC of the X-chart 
is satisfactory or not we would like to 
have the F-contours graphed on the 
same axes as the Px-contours (with per- 
haps also some P»-contours on the same 
axes). Such a diagram will be valid 
only for some particular values of n, k, 
and « (and Dz if the Pp-contours are on 
the same axes), since the Px-contours 
are taken from Figure 2 with one pair 
of scales on the axes, the F-contours 
are taken from Figure 2 with a differ- 


INDUSTRIAL QUALITY CONTROL 



























T T T 
7+ OC oF X CHART 
k- Sigma Chart 
6 | with subgroups of /? 
P=t/s 
§ 
a 
3 
2 
/ 
4) 
(ene) Os 10 15 ZO es SO 3F 


FIGURE 4 — OPERATING CHARACTERISTICS FOR THE X-CHART 
WITH Px IN TERMS OF (0, t) RATHER THAN (S, T) VALUES 





ent pair of scales, and the relation be- 
tween the scales depends on n, k, and 
x 

We have constructed such a diagram 
in Figure 3 for the situation already 
considered where n=——5, k=—=3, «—4.5 
We emphasize that Figure 3 is valid 
only for the above values of n, k, and 
x. If on Figure 3 we follow the con 
tour F 5, we pass through all pos 
sible (S,T) values for which the fraction 
of bad production is .5. On this con- 
tour we find that for S less than 4.8 the 
probability that the X-chart will indi 
cate trouble is over .9; on the other 
hand, for S values greater than this the 
probability that the R-chart will indi- 
cate trouble is over .9, as indicated by 
the dashed vertical contours for the 
R-chart on the same figure. The Pp- 
contours in Figure 3 are for n = 5 and 
D. 4.92 (the three-sigma value), and 
are calculated from Figure 1. 

Figure 3 indicates how the X and R- 
charts complement each other; thus, 
along the contour F — .5 we have seen 
that where one chart is poor the other 
is good. To continue with this example 
(where the specification limits are at 
m’ + 4.50’) we remark that usually one 
would like a good probability that the 
charts indicate trouble if the process is 
in a state where the fraction F of bad 
production is 10%. If we follow the 
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contour F 1 on Figure 3 we see that 


if only an X-chart were used the prob- 
ability of detecting trouble would drop 
below .5 for some states with F ] 
(namely those with S>2.5), but that for 
such states the probability that the R- 
chart indicate trouble is greater than 
5. It can be shown’ that the proba 
bility that at least one of the two charts 
indicate trouble, in this example when 
7 1, is always greater than .78, 
although Px drops below .3 at the bot 
tom of this F-contour 


5. CONCLUDING REMARKS 

Figure 4 is another picture of the 
OC of the X-chart 
function whose value is Px is better 
behaved if it is expressed in terms of 
certain parameters (0, t) instead of (S,T), 
and the contours for Px are seen to have 
a more regular shape on Figure 4 than 
on Figure 2, facilitating interpolation 
when necessary. (The contours straighten 
out toward the right and cut the right 
edge of the diagram at intervals which 
are proportional to those on normal 
probability graph paper.) The para 
meter 0 may be regarded as the reci- 


The mathematical 


procal ‘spread,’ while t may be re- 

7 By numerical calculation based on formulas 
4 4 7 and (8) of the mathemoticoa op 
pendix 


garded as the ‘'translation’’ measured 
not in o’ units but in o units, 
(3) o=—0/0, 
t= m—m’//o. 

if (S,T) are given, (0,1) are easily found, 
and conversely; the relotions are 

eo = 1/S, t=T/S, 

s= Ve, T= 1/0. 
The reason we have used (S,T) instead 

(0, Tt) in the preceding discussions is 
that they express in a more direct way 
how far the process has wandered 
away from the state specified by the 
given standard. Of course, Figure 4 
may also be used instead of Figure 2 to 
find the fraction F of bad production, 
by entering with n= 1 and k= « 


We shall conclude with two remarks 
which may be helpful. The first refers 
to the term ‘fraction F of bad produc 
tion.’ We wish to make it clear that 
F is not the actual fraction of bad pro 
duction by the process during some 
given time interval; the F calculated 
from the pair of values (S,T) describing 
a possible state of the process is what 
the fraction of bad production would be 
in a long run of the process if it stayed 
in this state (and if the output behaved 
like random sampling from a normal 
population) 


The other remark concerns what the 
reader may have judged to be a 
rather poor sensitivity of the control 
chart methods brought out by the 
OC's. It is important to remember in 
this connection that the control chart 
method for controlling a process does 
not consist of plotting a single point on 
each chart but a succession of many 
points. If there is only an even chance 
of the charts indicating trouble on a 
single application, and if eight appli 
cations are made in a day, the prob 
ability is over .996 that trouble would 
be indicated at least once during the 
day. For similar reasons it is usually 
desirable to set the control lines far 
enough apart so as to keep extremely 
low the probability that the charts in 
dicate trouble when the process is in 
the state of statistical control specified 
by the given standard 

It is a pleasure to acknowledge our 
indebtedness to Dr. A. E. R. Westman 
for some very helpful criticisms 


6. MATHEMATICAL APPENDIX 


The probability P, that the range R 
will exceed its UCL at Dy «7 is 
Pr Pr{R > D.o’] 
Pr[R/a>Dz0'/ ol, 
(4) Py — Pr[w > D./S], 


where w= R/o. The probability that 
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ww, is tabled for various n and wy 
by ES Pearson in Biometrika, vo!. 32 
1942), pp. 302-307 
we see that for fixed n the same graph 


From equation (4) 
s obtained for Py, independent of D. 
f Py ts plotted as a function of $/D, 


nstead of S. If the LCL for R is not set 


or zerc r yf or D 4 P we find r o simi 
or way 
5 Pr [R<D, 0’) Pr [w>D,/S 


, 

his probability may thus be found 
trom the same curve os Py, by follow 
na the directions in footnote 5 


YT 


he probability thot X will exceed 


*§ UC! se’ of rr ’ tke’ nN may be ca 
vlated as tollows. The mean of X is m 
and its standard deviation is 6/\/n, 
hence ’ niX—m)/oa is a standard 
norma! deviote 

Priy JCl Pr{X m’ +—ka’ r 


Pri nix m Oo 


where 0 and t are defined by (3). We 
assume m’ =m: it m’<m the same ex- 
pression os (6) below is obtained for 
Py from considerations of symmetry In 
c similar way we find 

Pr (X<LCL 

Pr [u< (\ nt KO)| 
The probability that X fall outside its 
control limits is the sum of the prob 


abilities of the mutually exclusive 
events X >UCL und X<LCL, hence 
é Px Pr[u- int «0)) 

Pru >(\/nt+«o)] 


For given uy, Prlu<ue] is tabulated in 
many tables of the normal probability 
ntegral. Formula (6) for Px indicates 
why kQ and \/nt are plotted along the 
lf we substitute for 


0 and t in (6) in terms of S and T we 


oxes of Figure 4 


see that Px depends on S/k and \/nT/k, 
but not otherwise on n or k: this ex- 
plains why these quantities are plotted 


Figure 2? 


Since X and R are known to be in- 
dependently distributed, it follows that 
the probability that at least one of the 
two points X and R go outside its con 
tro! limits is 
7 1—{1—PxjJf1—P»,J. 
lf the LCL on the R-chart is not at zero 
P,. should be replaced in (7) by the sum 
of the expresisons (4) and (5) 

The fraction F of bad production is 
the probability that a normal variable 
X with mean m and standard deviation 
o fall above USL or below LSL. Pro- 
ceeding as toward (6), and utilizing (2), 
we find 
8) F Pr[u< \T x0)) 

+-Prlu >(t+-«o)], 
where u is a standard norma! ceviate 
This is of the form (6) with n replaced 
by 1 and k by « 


The Place of the American Society in 
Modern Quality Control’ 


WADE R. WEAVER 


VICE PRESIDENT, AMERICAN SOCIETY FOR QUALITY CONTROL 


As we reach the third milestone in the 
nmistory of our Society tis fitting thot we 
should view, in retrospect, certain im 
portant facts. Not always was the niche 
n which the Society for 
Quality Control finds itself today so se 
curely occupied, for in the period im 
mediately prior to the formation of the 


American 


the Society there were many who felt 
that there existed no true place in the 
field for such a Society. The concepts 
in question were primarily statistical, so 
their promulgation rightfully belonged 
to the statistical field. But some of us 
felt differently; believed strongly in the 
potential future of a Society devoted 
to the principles of controlling quality 
by whatever means, ond so there 


, 
° Presenter + the Third Annus , , e 
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ensued weeks and months of almost 
consultations, con 
ferences and meetings, and February 
16. 1946 saw the birth of the American 
Society for Quality Control, comprising 
9 local Sections and some 1186 mem- 
bers 


endiess discussions 


Those were trying times thot first 
year. On numerous occasions the Exec- 
utive Committee labored long into the 
small hours of the morning and re- 
sumed at 9:00 A. M. trying to formu- 
ate policies and build soundly. How 
to obtain members? Frankly, finances 
were a problem. There was much work 
to be done and important decisions to 
be made. Many individuals devoted 
time and effort, and several corpora 
tions aided generously with secretarial 
services and by approving trove! ex 


pense accounts. in due time we were 
able to hold the First Annual Conven- 
tion at Chicago in June, 1947. The 
Treasurer's report showed that we were 
technically bankrupt; but our spirits 
most certainly were not. By this time 
we had about 182] members in 25 local 
Sections, a magazine that was attract- 
ing considerable attention, and the 
words “quality control’ were being 
heard in places other than the councils 
of the Sections 


The second year was, in many re- 
spects, even more difficult than the first 
Thinking in various parts of the coun- 
try differed, policy was therefore not 
simple to formulate, and progress was 
not always as smooth nor as rapid as 
desired. In February, 1948, the Second 
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Annual Convention was held in Roches- 
ter, and for the first time our Treasurer's 
face wore a smile. We had 29 Sections 
with 2000 members, and money in the 
bank! 


At the Third Mid-West Conference 
n Chicago, November, 1948, the Exec- 
utive Committee heard the reports of 
the Secretary and Treasurer; a member- 
ship of 2101 at the end of the 1948 fis- 
cal year, comprising 31 local Sections, 
and $7,440 in the bank. A tentative op- 
erating budget for the year 1949 of 
$19,870 was approved. Few, if any, 
technical societies have ever equalled 
the rapid growth experienced by 
ASQC. We can confidently and proudly 
state that the Society has survived the 
rigors of getting established and has, 
despite the pessimism of many, proven 
that it is here to stay 


Many may wonder about the place 
of the American Society in the modern 
field of Quality Control. Just what does 
it have to offer its members? What can 
it do for industry and the thousands who 
are interested? How does it help, and 
whom? 


First of all, there is Industrial 
Quality Control, our official publica- 
tion. Starting as a 4-page mimeo- 
graphed edition in 1944, it was care- 
fully nurtured by Dr. Martin A. Brum- 
baugh, its originator, to 20 pages per 
issue by January 1946. With the 
founding of ASQC, it became the offi- 
cial journal of the Society operating 
under an Editorial Board of 12 (now 14) 
leading authorities in the field of statisti 
cal quality control, with Dr. Brumbaugh 
as Editorial Chairman. By May 1946, the 
magazine had expanded to 32 pages 
where, under the continuing direction 
of the Editorial Board and the Editorial 
Chairmanship of Mason E. Wescott 
who succeeded Dr. Brumbaugh in this 
capacity in July, 1947, it has since 
served admirably the technical publica- 
tion needs of the Society 


Always a dignified and conservative 
publication, Industrial Quality Control 
has come to be recognized as an au 
thoritative source of quality control in- 
formation. Its present circulation reaches 
all parts of the United States as well 
as Canada and numerous foreign coun- 
tries. Herein are published what the 
Editorial Board considers to be the 
best available articles on timely quality 
control topics. Its bi-monthly appear- 
ance is augmented on alternate months 
by the News Supplement, edited by 
Mr. E. H. Robinson, which provides 
for local Section news and gossip 
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items of general interest, and periodic 
calendars of meetings, programs, and 
speakers 


In June 1947, the Executive Commit 
tee took action to establish the Shew- 
hart Medal, thus honoring Dr. Walter 
A. Shewhart, the only* honorary mem 
ber of the Society to date, who, in 
1924, originated the concepts of mod 
ern statistical quality control. Not of- 
tener than once each year a medal will 
be awarded to an individual chosen by 
the Medal Committee for his outstand 
ing contribution to the development of 
quality control principles or their ap 
plication to industry. It is expected that 
the award to the Society's first Medalist 
will be made at the Third Annual Con 
vention of ASQC in 1949 


Following the Fourth Annual Roches 
ter Clinic in 1948, the Rochester Section 
made a sustaining contribution of $2000 
to the Society, with the suggestion that 
half this sum be set aside to establish 
the Martin A. Brumbaugh Award. The 
Executive Committee stood in full agree- 
ment with the Rochester Section in rec 
ognizing the appropriateness of thus 
perpetuating the name of one of the 
Society's most distinguished members 
Accordingly there was appointed the 
Brumbaugh Award Committee, charged 
with the responsibility of selecting the 
best paper published in Industrial Qual 
ity Control each year and suitably rec 
ognizing its author. As soon as the 
Committee has formulated appropriate 
procedures for activating its responsi 
bilities, the selection of the first Brum 
baugh Award paper wil! be made and 
announced 


Thus does ASQC provide incentive 
for its members and take cognizance of 
meritorious achievements 


The Constitution of ASQC provides 
three classes of membership in a sin 
cere effort to bestow professionalism 
upon those duly qualified. The impor 
tance of this will be more fully recog 
nized as the field of quality control de 
velops and expands. It will soon be a 
privilege to be a Senior Member 


We have a Standards Committee, 
ably led by Harold F. Dodge, which is 
currently engaged in standardizing 
terms, nomenclature, coordinating pro- 
cedures, etc., so that all users of quality 
control techniques can be provided with 
uniform terminology and concepts 


The Committee on Relations with Edu 
cational Institutions is performing a 


valuable service by collaborating with 


* See pages 25 and 29 


those interested in training courses, and 
by furnishing suggestions gleaned from 
the field. It becomes increasingly more 
important that new students of quality 
control should be taught the modern 
applications and diversifications of 
thinking. The scope is so rapidly wid 
ening that even trained individuals soon 
find it difficult to keep pace. Hence, 
properly designed and presented edu 
cational courses are of extreme impor 
tance 


Because the application of quality 
control principles 1 extending into so 
many fields and technical services 
other technical societies and their mem 
bers are becoming increasingly inter 
ested in us. The Committee on Relations 
with other Technical Societies is fitting 
admirably into this situation by colla 
borating with such societies in orrang 
ing joint meetings, suggesting topics 
providing qualified speakers, etc 


Clinical meetings of the type which 
have been held all around the country 
provide excellent opportunities for those 
interested to learn the fundamentals 
and hear the case histories of industry 
Those attending have an opportunity 
to meet and talk with others in their 
own or similar and allied fields, to dis 
cuss problems, and to seek and give 
advice. Even more elaborate and far 
reaching in their effects are the Re 
gional Meetings, for these bring to 
gether most of the talent in a given 
geographical area and thus provide for 
an even wider exchange of ideas. Top 
management is becoming vitally inter 
ested in such meetings, and is partici 
pating in them. Manufacturers of the 
latest in gaging equipment and other 
mechanical aids to quality control are 
affo, ded opportunity to bring such items 
to the attention of the right people; in 
dividuals in need of such mechanical 
aids are similarly benefited 


Very little, if any, of all of this would 
be possible today if it were not for the 
American Society and its consolidation 
and co-ordination of such matters 
Your Executive Committee has addi 
tional long range plans in mind and is 
merely awaiting the propitious time to 
launch them. Plans for expansion of In 
dustrial Quality Control, largely de 
pendent upon financial considerations, 
are being discussed 


We have every right to be truly 
proud of our Society, but we must also 
realize our responsibilities to it. Let 
each member herewith resolve to do 
his part in the further strengthening 
and building for the future 











The Case of the Perjure 
Control Chart 


V. E. McCOUN 


QUALITY CONTROL ENGINEER—INTERNATIONAL HARVESTER CO. 
TRUCK ENGINE WORKS, INDIANAPOLIS, INDIANA 


All mystery stories must, perforce, 
have a beginning. This story begins 
when the quality control group at our 
engine plant received a request from 
the foreman of the flywheel depart 
ment for a quality investigation of one 
of the machine operations in his de 
partment 

The machine tool in question was an 
automatic, multiple-tooled lathe The 
request stated that over a considerable 
length of time a great deal of trouble 
had been experienced in maintaining 
size on the large outside diameter of 


14.625 


inches). the result being excessive scrap 


the flywheel, (approximately 
and rework, high tool cost, lost produc 
tion due to tool changes and adjust 
ments, payment of allowances to the 
operator and overtime to maintain the 
schedule 

Our first attack was the application 
of a control chart for variables, taking 
samples of five consecutive pieces, at 
approximately one hour intervals Of 
course we had to devise a suitable 
gaging medium for taking actual mea 
surements. The regular production gage 
was a go, no-go length gage. After 
accumulating 19 samples through a two 
day period, an X and R chart was set 
up. (See Figure 1). The range showed 
a very stable pattern with all points in 
control, but the sample averages fluct 
vated wildly from one group to the 
next. This, however, we expected, since 
the tool had been reset, without using 
the new gage, from one to five times 
between each sample and the next 

The indicator was calibrated in .0001 
of an inch. Coded values were used, 
the code being 1=-.0001”. With R 


8.2 and dy==2.326, the relation 3R/d» 
gav2 a predicted plus or minus three 
standard deviation spread of 1046, 
which compared very favorably with 
the specification limits of plus or minus 


20 


20 


DEPARTMENT 14 


OPERATION 15 


Note indicator on overarm from head stock housing to creck 
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variation in tool block travel 





Being thus encouraged, we arranged 
for the operator to run the machine 
through one entire shift without chang 
ing the tool setting. Samples were 
again taken as before and charted. We 
were pleased to find an excellent pat 
tern of control showing on the chart 
(See Figure 2) but alas, the individual 
pieces, when checked, were not only 
beyond the indicated statistical limits 
they did not even conform to the en- 
gineering limits! The operation was 
continued next day with an observer 
posted at the machine to make sure 
that the tool was not changed and 
through a four hour period the same 
results developed: the chart, good; the 
pieces, no good 

We then made a consecutive check 


of 100 pieces from the operation, again 
without touching the tool, and charted 
the results. (See Figure 3) Imagine our 
surprise: an increasing and decreasing 
cycle, of good geometric regularity 
and with a spread of about 50 points! 
Now, why would the control chart 
show an even state of control in rather 
narrow limits with such an actual dis- 
tribution of values? 

It was observed that the hourly pro- 
duction was 30 to 34 pieces. The cycle 
contained from 15 to 20 pieces. Two 
cycles equal approximately one hour's 
production. A comparison of Figures 2 
and 3 shows that we were taking the 
samples at the bottom of the cycle 
where the values clustered to give the 
small R and an average close to zero 
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RE 3 INDIVIDUAL FLYWHEEL OD'S 100 CONSECUTIVE PIECES 








whereas the true overage was cpprox! 
mately 20. For the short periods of 
time recorded we would stay at about 
the same place in the cycie with con 
tinuous production and a uniform time 


interval between samples 


By mounting an indicator on an over 
arm from the heod stock hous ng we 
checked and chorted the positioning of 
the tool block on 100 consecutive oper 
ational cycles and found a very simi 
or potterr of variation existing (See 


Figure 4) 


The tool block is actuated by a me 
chanically driven cam After reworking 
the cam mechanism we ran another 
variation pattern diagram of 100 read 
ings on the too! block. (See Figure 5) 
The repair joo instead of eliminating 
the cy< le had merely increased its band 
or width from 15 to 26, and doubled 


tive frequency 


Another more thorough re work of 
the cam mechanism resulted in a tool 
block variation pattern with no cycle 
noresent and very rettie variability from 

ne piece to the next However, there 
wos stil a very gradual trend n one 
direction due to tool pressure, as the 
tool gets dull and does not cut as freely 
See Figure 6) The 900 cycles hecked 


were consecutive with the same to 


lt would be nice to end this story 
with a They-lived-happily-ever-after 

yntro!l chart showing all points ir con 
trol and a record of good pieces pro 
duced. Unfortunately things did not 
happen quite this way. The operator, 
an oldtimer in the shop, who felt that 
his former method of tool setting was 
good enough, changed his role of vic 
tim and became the villain by his re 
luctance to set the tool with the aid of 


the chart and the gage, and our X chart 
still showed very bad control 


We therefore made a check of 200 
consecutive pieces, almost an entire 
days production. The check began 
early in the morning when the stock, 
machine and the tools were cold. As a 
result, the first hour's production was 
out of the control limits on the low 
side, but well within the engineering 
specifications. After reaching operat 
ing temperatures, all values then fell 
in the control limits and throughout the 
entire check not one piece was found 
out of engineering limits. (See Figure 7) 
It should be noted that in addition to 
the growth due to temperature, the 
trend shown in Figure 6 also plays a 
small part in the increase in size 


In presenting this article, no attempt 
is made or intended to discredit con 
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FIGURE 4 VARIATION IN TOOL BLOCK TRAVEL BEFORE CAM ADJUSTMENT 





VARIATION IN TOOL BLOCK TRAVEL 
AFTER FIRST CAM ADJUSTMENT 


FIGURE 5 
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TOOL BLOCK VARIATION AFTER SECOND CAM ADJUSTMENT 


FIGURE 6 














eeiaies iam eat Guia eee | poe ame a aoe eee 


FIGURE 7 — FLYWHEEL OD'S — 200 CONSECUTIVE PIECES 
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trol charts for variables. We do believe 
that such a situation as described here- 
in can exist under certain conditions 
and should be considered where the 
actual piece part results do not coin- 
cide with the chart 


Third 


Two primary lessons have been re 
emphasized for us in this experience 
They are: 

1. The value of a continuous chart of 

consecutive parts from an opera 
tion 


REPORT OF THE 


2. The desirability of deliberately 
staggering the time interval be 
tween samples to a greater extent 
than is usually considered neces 
sary 


Annual Convention 


American Society for Quality Control 


AND THE 


Third Annual New England 


Quality Control Conference 


The Third Annual Convention of the 
American Society for Quality Control, 
held in conjunction with the Third New 
England Quality Control Conference at 
the Copley Plaza Hotel in Boston, May 
5-6, maintained in every way the tra 
dition for all-round excellence that has 
now Lecome te accepted pattern for 
annua! meetings of the Society. An ex 


ceptionally well-balanced program 


built around the convention theme 
Controlled Quality is Good Economy, 
provided discussions of both techniques 
and applications in a broad coverage 
of topics that challenged the attention 
of a wide range of interests 

The convention, with a total registra 
tion of close to 700, was marked by an 
unusually even distribution of attend 
ance at all sessions. The session series 
on “Quality Control Engineering’ drew 
a large number who were interested in 
the two-day practical course. The series 
Management's Problems of Quality 
proved to be a strong attraction for the 
many people who were there to get a 
fresh start on their problems from this 
point of view. Technically-minded qual- 
ity control folks flocked in overflow 
numbers to Advanced Tech 
niques sessions and bring themselves 
more up to date in the field. Under the 

e 


hear the 


heading “Selected Topics of Special 
Interest’ there was a well attended va 
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NOTICE 


There are available as of May 
31st about 400 copies of the 
Abstracts containing 


condensations of 41 of the papers 


booklet 


program of the 


Third Annual ASQ@C Convention 


given on the 
Copies may be ordered at 
$1.50 per copy, postpaid, from 
Professor W. A. MacCrehan 
New York University 
New York 53, N. Y 
Make check payable to 
Third Annual ASQC Convention 











riety of sessions ranging from gaging 
and standards to education and train 
ing panels 

Twenty-two companies played host 
to a steady flow of visitors interested in 
the equipment on display in the Con 
vention Exhibits. Situated in this area 
also was a Book Booth, featuring a 
stock of publications of ASOQC and 
most of the currently available books 
on Quality Control and related topics 
Newest addition to this list was the 
Abstracts, containing con 
of 41] of the papers given on 


booklet 


densations 


the convention program. A few extra 
copies of this booklet are still avail 
able, as indicated in the boxed notice 
accompanying this report 

Another outstanding contribution to 
the success of the Convention was the 
special slide film ‘Sightseeing Quality 
Control in New England. The picture 
was prepared especially for this con 


vention and was shown along with the 


Johns-Manville film Modern Quality 
Control 
Numerous Board and Comm .ree 


meetings of the Society were held dur 
ing the Convention Attendance at 
tese meetings was consistently good, 
and a number of important matters 
relative to the conduct of the affairs 
of the Society were discussed and voted 
on. Action taken at most of these meet 
ings will be reported in the columns of 
the American Society News section of 
this magazine 

The Planning Committee of the New 
England Sections, the Associated Indus 
tries of Massachusetts, and the Copley 
Ploza Hotel are to be congratulated for 
the success of their joint efforts in carry 
ing to completion a very ful! program 
of activity. Especially noteworthy was 
the excellent quality of the food and 
service provided guests of the conven 
tion by the Copley Plaza Hotel. All who 
were able to attend these meetings had 








an opportunity to enjoy a stimulating 
program, to renew old friendships and 
make new ones, and to share an atmos 
phere of good fellowship and inspira 


tion 


LUNCHEON SESSION——MAY 5th 


The luncheon session on Thursday 
featured an address by Mr. Andrew B 
Vice-President of Norton 
Company, who spoke on ‘Quality Con 
trol in New England Major W. W 
Drummey, representing Governor Dever 
of Massachusetts, welcomed the visitors 


Holmstrom, 


to New England 

In his talk, Mr. Holmstrom reviewed 
the history of the introduction of statis 
tical quality control as an cccepted 
technique in many of the leading in- 
dustries in New England, and spoke in 
particular of its status and operations 
In this connection 
he said, in part, “Quality Control is 
perhaps the most effective new tool 
that has been introduced into scienti- 
fic manegement in the last 15 or 25 
years. It has brought home to us the 
thought that you cant wish quality 
into @ product; you have to build it in, 
for a product is no better after inspec- 
tion than it was before inspection 


in his own company 


After five years of experience with 
Statistical Quality Control, Norton 
Company Management is satisfied that 
it has made possible a better product; 
rejections, reworks and complaints have 
been reduced over 50%. and the cost 
of inspection has been reduced. Our 
new five-acre plant is a grand success 
because its operation is based on in 
spection along the line, and Statistical 
Quality Control is a guiding factor 
Quality Control methods will be the 
guiding force in Norton Company pro 
duction until some better method has 
been discovered. We hope to learn 
how to use it better so thot we can send 
even higher quality products to our cus- 
tomers throughout the United States 
who have always looked to us for fine 
workmanship 

To those of you who are attending 
the Conference in order to become ac- 
quainted with Quality Control, we say 
that we firmly believe that it will help 
you as it has helped us not only to 
produce better quality but also to lower 
costs, speed up production, cut down 
waste, and improve personne! rela 
tions 

To those of you who have already 
inaugurated Quality Control, may | 
compliment you and your management 
on your foresightedness. | believe that 
you will not only avoid possible diffi 


24 


culties in the demand-for-quality period 
ahead, but that you are in a position to 
take advantage of that market. 


LUNCHEON SESSION—MAY 6th 


Lt. Col. Edward Gluck, Deputy Dis- 
trict Chief, New York Ordnance District, 
was the principal speaker at the lunch- 
eon session on Friday. He spoke on 
Self Help by Industry on Inspection for 
Armed Services. In his talk he outlined 
many of the problems, and current 
thinking concerning their solution, in 
connection with the vitally important 
activity of planning for Industrial Mo- 
bilization. Highlights of his address 
were are follows 

Industrial Mobilization today is so 
huge a problem, that it must be 
decentralized to Industry and each 
prospective contractor if the problem is 
ever to be solved. This fact has been 
recognized both by the Government 
and Industry 


“Time is the vital factor in Indus- 
trial Mobilization planning. Tooling up 
periods are lengthy. The speed of start 
and conduct of future emergency (atom- 
guided missiles, etc.) will not permit 
such time to be available. A way must 
be found to minimize the time for not 
only tooling-up production, but also, 
inspection-acceptance. Planning now 
may save time in an emergency, and 
with relative minor cost. As a practical 
matter, time itself may mot be saved 
after the emergency begins, no matter 
what money is available. 


Industry must be alerted to the need 
for thinking in terms of tolerances, 
which are not only closer than those 
for normal products, but also much 
closer to those of the near future; pre 
ventive gauging {to save time and 
waste); and other modern gauging (to 
get better production and less inspection 
and inspector personnel). Modern gaug- 
ing includes the use of more automo- 
tic gauging machines, and more gauges 
built into the production machine. It 
also means more education of produc- 
tion personnel, particularly machine op- 
erators, to make them more quality- 
minded. Finally, it means investigation 
of new devices such as air-gauging for 
surface finishes, electrolimit gauges, 
etc 

“Emergency causes overall scarcity 
in certain basic factors of production, 
such as Material, Machines, Manpower, 
and Money. Industry must be alerted 
to the need for aiding conservation of 
such elements as a result of its economi- 
cal production and inspection,—both to 
contribute to success in the emergency, 


and to be prepared for the competition 
of the post emergency period. This is 
no idle statement. Time after time in 
making current surveys, one hears a 
prospective contractor refer to the fact 
that he learned the value of inspection 
in World War II and has continued it 
into the post war period. 


In the past it was standard practice 
and planning for the Armed Services to 
determine requirements, which were 
conveyed to Industry to enable it to 
plan. That is still the ideal. However, 
again, the size of the problem, the 
uncertainty of M-Day (whether fixed or 
creeping), the indefiniteness of items 
needed (whether the subject of present 
Research and Development or future un- 
knowns) make it essential thot Industry 
do some estimating on its own,—if it 
and the country is not to be caught 
short. On that basis, something can be 
done in a general way with regard to 
planning and being prepared concern- 
ing inspection,—so as to save time.”’ 


Such ‘something would include set- 
ting up an adequate inspection control 
system, a gage laboratory, preparing 
for closer tolerances, preventive gaging, 
and such modern gagings. An ingre- 
dient of any modern system today ap- 
pears to be Quality Control, with ac- 
companying statistics and research so 
as to constitute a progressive, living 
thing. A contractor should expect to 
furnish what is required, close to 100% 
acceptable, and so as to minimize Gov- 
ernment inspection, conditioned by 
getting started right as to production 
(tooling, production, process and final 
inspection by contractor). This may 
mean not only more highly qualified 
personnel for inspection,—but probably 
less of them. 


Current Munitions Board Annex 47 
procedure contemplates that each pros- 
pective contractor will have a CIPR 
(Corporate Industrial Preparedness Rep- 
resentative). It would be wise if he 
caused himself to be constituted oa 
Chairman of a Company Committee, 
which would include an Inspection as 
well as a Production Representative, to 
insure advance planning, sound nego- 
tiation, and starting production (and 
inspection) right.’ 


In summarizing his remarks, Colonel 
Gluck made the following points: 


1. “The importance of Self Help 
by Industry on Inspection for the Armed 
Services in that present Industrial Mo- 
bilization requires (a) decentralization 
to and help by Industry,—in connection 
with which a Contractor's Manual 
would be very desirable; (b) time to 
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DR. WALTER A. SHEWHART RECEIVES CERTIFICATE OF 
HONORARY MEMBERSHIP IN 


ASQC 


GEORGE D. EDWARDS RECEIVES CERTIFICATE OF 
HONORARY MEMBERSHIP IN ASQC 





be saved now by planning; (c) modern 
ization of industry's inspection, and (d) 
economy in event of emergency for the 
factors of production, especially man 
power 

2. ‘Planning by Industry may be help 
ful, in that (a) requirements may be es 
timated as to general effect on Inspec 
tion, (b) inspection System should be 
provided for,—to include quality con 
trol, (c) planning system should be es 
tablished, to include inspection cover- 


3. ‘Planning by Armed Services may 
have to be on the basis that {a} per 
will be lacking, (b) higher quality 
will be needed, |c) pre audit of contrac 
tors may be required, |G} inspection wi! 


separately to the extent 


Tho ah some of the forego nq may 
appeor elementary, it is hoped you wil 
constitute yourself ambassadors to 
dustry to get it to save time now, 
th relatively minor cost in dollars, to 
get the essentials of an adequate in 
spection setup, with quality control 
which it may not be able to get in 
emergency no matter how mary dol 


lars are available 


Also featured at the Friday luncheon 
was the presentation by Mr. George D 
Edwards of a certificate of honorary 
membership in ASQC to Dr. Walter A 
Shewhart. In making this presentation, 
Mr. Edwards spoke as follows 


Two years ago, at our first Conven 
tion in Chicago, | had the honor to no 
tify Dr. Shewhart of his election to the 
Highest Honor which the Society can 
bestow,—to Honorary Membership in 
the American Society for Quality Con 
trol. At that time, | promised in due 


course, to present him with suitable evi 
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SIMON RECEIVES 


COLONEL LESLIE E 
SHEWHART MEDAL AS THE SOCIETY'S 
FIRST MEDALIST 





aence of tnat electior The Executive 
Committee in effect told me | had ur 
dertaken this pleasant task and that | 
should finish it. It has taken me a long 
time. but with Mr. Wareham's kind 
onsent, | am now ready to complete 


t 


It is my great pleasure to present to 
you, Dr. Shewhart, at this time this 
much delayed certificate of your elec 
tion to the Society's highest grade of 
Membership. It honors you, but you 
have honored us more in accepting it 


Ralph E. Wareham, President of 
ASQC, concluded the events of the Fri 
day Luncheon program by presenting a 
certificate of honorary membership to 
Mr. George D. Edwards, who was most 
genuinely surprised and pleased by this 
previously unannounced action of the 
Board of Directors of the Society. In 


mak na the presentation, Mr Woarehon 


fittingly endorsed the action of the 
Board in thus selecting Mr. Edwards as 
the Society's second Honorary Member 


CONVENTION BANQUET— 
MAY 5th 


The Third Annual Convention Banquet 
of ASQC was held on Thursday eve 
ning, May 5th. Mr. Joseph P. Spang, Jr 
President of both the Gillette Safety 
Razor Company and the Associated In 
dustries of Massachusetts, gave an ad 
dress on the subject “Quality is a Busi 
ness Must His talk is published in 
full elsewhere in this issue 


In addition to Mr 


Spangs address 
the program also featured presentation 
of the Shewhart Medal Award to Col 


Leslie E 


the first such award to be made under 


Simon This occasion ry arked 
the provisions set up for it, and Col 
Simon thus becomes the Society's first 
Medalist 


Simon delivered an acceptance address 


In accepting the Award, Col 
on the subject “The Advancing Frontier 
of Quality Control His talk appears 


in full elsewhere in this issve 


Prior to conferring the Shewhart 
Medal Award, Ralph E. Wareham, 
President of ASQC, presented Dr. Wal 
ter A 


struck from the die 


Shewhart with the first medal 


The Citation naming Colonel Simon 
as the 1949 Medalist was given by Dr 
Shewhart. Following the Citation, Mr 
Philip L. Alger, Chairman of the Shew 
hart Medal Committee, spoke briefly on 
The Shewhart Medal—lts Origin and 
Purpose. His remarks were as follows 

In June of 1947, the Directors of our 
Society voted to establish the Shew 
hart Medal for the recognition of indi 
viduals who have made ‘suitably out 


standing contributions to the cause of 


rn 
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quality control In September, the 
Medal Committee was appointed, and 
in the following July its plans were an- 
nounced. Six months later, your gen- 
erous response had brought the medal 
fund to the desired total of nearly 
$2,000. This has enabled us te pay all 
expenses for creating the medal, with a 
remaining balance of some $200, that 
will cover the cost of future medals for 
several years to come 

The commmittee members believe 
that the young artist, Robert Weinman, 
selected to execute the 
medal, has created o very distinguished 
The medal design in re- 
portrays a embla 
zoned with a control chart, signifying 


whom we 


work of art 
verse micrometer 
the taming of rampant manufacturing 
variations by the new art of quality 
control. The obverse presents a strik- 
ing likeness of Dr. Shewhart, including 
his glasses and the benign expression 
with which we are all pleasantly fami! 
ior 

before us this 


lhe rea! questions 


evening, however, are: why should we 


SAMPLING INSPECTION—Princi- 
ples, Procedures, and Tables for 
Single, Double, and Sequential 
Sampling in Acceptance Inspec- 
tion and Quality Control Based 
on Percent Defective. Freeman, 
H. A.; Friedman, Milton; Mostel- 
ler, Frederick; and Wallis, W. 
Allen—fEditors. The Statistical 
Research Group, Columbia Uni- 
versity. McGraw-Hill Book Com- 
pany, Inc., New York and Lon- 
don, 1948. xx and 395 pp. (3 
plates). $5.25. Review by Harry 
G. Romig, New York, N. Y. 


This book provides a compendium of 
results of certain wartime work on a 
general system of sampling inspection 
lt presents more than 350 sampling 
plans for use by industry in the inspec 
tion of products on an attributes basis, 
where units are classed as contorming 
or nonconforming with respect to cer 
tain selected engineering requirements 
primarily acceptance-rejec 
tion plans, although the editors have 
extended their scope by describing how 
such plans may be related to standard 
Chapters 6 (pp. 55-68} 


They are 


control charts 


Z¢ 


have such a medal at all, and to whom 
should it be awarded? 

We elect persons to office, so that 
they may perform governmental or po- 
litical services for us—thoughts of our 
own benefit being uppermost when we 
vote 

We appoint other persons to posi- 
tions in industry or government, so they 
may perform necessary tasks — here 
again with thoughts of results beneficial 
to ourselves 

The process of choosing a medalist 
is quite different 

‘We select a medalist, to do him 
honor, with no thought whatever of 
any quid pro quo on his part. There is 
a real social benefit from this, how- 
ever 

This benetit accrues when the act 
of awarding the medal focuses the spot 
light of public attention on the recipient, 
revealing in clear light the qualities 
that have won for him the esteem of 
his peers. In this way, the public ob 
tains a glimpse of the values that make 
up a profession such as ours, and young 





men everywhere are inspired to emu- 
late the ideals personified by the med- 
alist. 


What are these qualities that lead 
us to so honor a man as to give him a 
medal? First of all, he must have in- 
tellectual ability, enabling him to clear 
away a little of the dark cloud of ig- 
norance that always surrounds us. Sec- 
ond, he must have the generosity oi! 
spirit that leads him to so express anc 
restate his pioneering ideas that other 
members of his profession may benefit 
from them. And finally, he must have 
that warmth of human feeling that 
marks the true educator, endearing him 
to his students or disciples, even those 
who learn from him only remotely 


All of these qualities are eminently 
personified in our first medalist, Dr 
Walter Shewhart. The members of 
your medal committee feel honored to 
have been the instruments of your ap 
preciation for his generous and pioneer 
ing contributions to the new profession 
of quality control 


ook Reuieu 


and 13 (pp. 135-136) discuss this fea 
ture, but the limitations imposed by ty- 
ing in the control features with these 
acceptance-rejection plans, for which 
Operating-Characteristic (OC) curves 
are available, would appear to weaken 
the flexibility of the control chart sys- 
tem, while the additional information 
provided by the OC curves does not 
add sufficient advantages to influence 
one to substitute these plans for the 
usual standardized procedures 


The editors have had the first four 
parts written around Part V, which pre 
sents four tables covering a system of 
sampling plans. Table 2 is presented 
on the three plates 


2a0—Single-Sampling Plans, 

2b—Double-Sampling Plans, and 

2c—Sequential-Sampling Plans 
The other three tables plus a supple- 
mentary table provide material neces 
sary for use in connection with the 
plans, such as Sample Size Letter ond 
AOQL Outgoing Quality 
Limit) Table 4 (pp. 221-379) 
Operating-Characteristic curves 
for the sampling plans, in three colors 


(Average 
values 
gives 


The plan of the entire work is to 
make each part practically self-con- 
tained, so that in practical applications 
many of the parts need not be consid- 
ered. This arrangement results in con- 
siderable duplication in certain parts 
for some features. The editors have 
done a splendid piece of work in com- 
bining in one volume and co-ordinating 
the work of so many individuals. They 
have carefully given credit at ol! times 
to the various sources from which they 
obtained materials used and have indi- 
cated the individuals or groups that de- 
veloped the various parts of the book 
The table of contents, list of figures and 
tables, glossary of terms, and index are 
very complete and make the book an 
excellent reference work. The text is 
remarkably free from errors, a boon 
to the reader 

This work presents one system very 
completely. The suggested forms of 
Chapter 12 (pp. 129-133) and the pro 
cedure for reviewing past results of 
Chapter 11 (pp. 115-127) relate to the 
system described, and may need to be 
modified for application to a different 
system. Much of the descriptive mater- 
ial is sufficiently general so that it pro 
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vides basic principles of a large num- 
ber of different acceptance-rejection 
sampling systems. The proposed system 
has a wide field of application, but its 
limitations should be clearly vunder- 
stood 


The fundamental principles or basic 
factors underlying any system of sam- 
pling plans are limited since, if certain 
variable numerical factors are fixed as 
the bases of the system, the numerical 
values of other factors depend upon 
the fundamental relations and cannot 
be controlled, although readily com 
puted 


A cnoice of the factors to control 
must be made from those factors avail- 
able that are associated with a system 
of sampling plans, such as the Accept- 
able Quality Level factor with a series 
of fixed single AQL values for sampling 
plans covering a series of lot sizes or 
ranges of lot sizes, or even a range of 
AQL values listed in piace of a single 
AQL value. Among the many basic fac 
tors available may be mentioned the 
AOQL concept, the requirement that 
the same sample sizes be used for the 
same lot size for a series of quality 
levels, a fixed Consumer's Risk for some 
stated level of quality for each sampling 
plan in a series, and minimum average 
amount of inspection per lot for pro- 
cess average quality, including or not 
ncluding the additional inspection due 
to the detailed inspection of the bal 
ance of the units in rejected lots 


The editors state on page vi: As Part 
IV brings out, the tables and proce 
dures in this book are in large measure 
adapted from or based on Army Ord 
nance tables and procedures. Again 
on page 14] is stated: “The excellent 
tables and procedures of the Army Ord 
nance Department* are the immediate 
precursor of the tables in this book, 
which, while it differs in many respects 
from the Ordnance tables and proce 
dures, adopts the same fundamental 
approaches. The editors discuss the 
Ordnance Tables and continue: “In 
general, they are well constructed and 
incorporate the latest developments in 
single and double-sampling plans 


As mentioned above, these inspection 
plans for single- and double-sampling 
are based on the Ordnance Sampling 
Plans modified to meet the requirement 
that the Probability of Acceptance, P, 
be made equal to 0.95 for te desig 


* Army Service Force: rdnance Department 
Ordnance Inspection 
Handbook on Standard Inspection Pro- 
cedures, Quality Control, Ord-608-8 


ndustrial Service 
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nated AQL (Acceptable Quality Level) 
value. The sequential-sampling plans, 
as stated in a footnote on page 155, 
are based on two concepts or factors: 

1. A Probability of Acceptance (P,) 
value of 0.95 for a level of quality, 
termed the Acceptable Quality 
Level (AQL): and 

2. A Probability of Acceptance (P,) 
value of 0.10 for a quality level 
poorer than the AQL, termed the 
Lot Tolerance Percent Defective 
LTPD) 

Using the values of AQL and LTPD so 
defined that occur on the OC curves for 
single- and double-sampling 
plans, a sequential-sampling plan is ob 
tained whose OC curve best matches 
the corresponding OC curves for single 
and double-sampling. The sampling 
tables in the text are essentially the 
Ordnance Sampling Plans plus a match 
ing Sequential-Sampling Plan. Some 
modifications have been introduced 
based on added assumptions and a 
diferent method of approach, which 
the text strives to justify as each change 
is introduced 


similar 


The first entry in the Glossary (p. 383) 
defines Acceptable Quality Level, AQL, 
differently than given elsewhere as ex 
plained by the editors in the footnote 
on page 23: “In some other collections 
of tables, including the one in the pub 
lication cited in the previous footnote 
Ord-M608-8), the term 
quality-level has a slightly different 
meaning The Glossary defines AQL 
as Percentage of defective items in 


acceptable 


an inspection lot such that the sam 
pling plan will result in the acceptance 
of 95 percent of submitted inspection 
lots containing that percentage of de 
fective items. This definition makes the 
AQL a property of the inspection plan, 
whereas the original definition (Army 
Ordnance) is: “The Acceptable Quality 
Level (AQL) is the maximum percent de 
fective which can be considered satis 
factory as a process average; that is, 
it is the poorest quality which a pro 
ducer can be permitted continually to 
present for acceptance 

The editors defend their choice by 
stating: ‘First, it makes the AQL a tech 
nical property of the sampling The 
second feature of the definition of AQL 
t“at requires discussion is the choice of 
95 as ao percentage representing close 
to 100. This choice is essentially arbi 
trary 

Practically, due to discreteness of 
sample sizes and acceptance numbers, 
the probabilities of 0.95 and 0.10 usu 
ally are not exactly obtained. The edi 


tors claim that the basis of all the plans 
is the AQL value assigned. However, 
since these sampling tables list the AQL 
values in range form, e. g. AQL class 
0.65-1.2 (percent defective) on page 
256, the p value to which the probabil 
ity 0.95 applies is neither definite nor 
clear. Hence, as stated on page 150, it 
was necessary to modify the desired 
procedure, 0.92 being set arbitrarily 
as the minimum P, value for the max 
imum value of AQL in each AQL class 
Only a few plans have P, va'ues less 
than 0.92. A fixed P, value, the basis 
of the new definition of AQL appears 
to have been lost by this compromise 


In determining probability values for 
the Probability of Acceptance curves 
termed Operating Characteristic curves 
or OC curves, the basis used in this 
work is “Lot Quality,” not ‘Product 
Quality’; hence, for a given plan a dif 
ferent curve should be computed for 
each different lot size. This is not done 
as the Poisson exponential probabilities 
are used for the larger n values, and in 
cases where the n values are less than 
or equal to 50, the binomial distribution 
probabilities available in Pearsons 
Tables of the Incomplete Beta Function 
are used. For consistency in this sys 
tem, binomial values should have been 
determined at least for all n values 
where p exceeds 0.10 

The editors, however, do not wish t 
consider lots of varying quality, but 
only lots of fixed quality, and explain 
in the text and a footnote (|p. 19) 
When inspection lots are large com 
pared with the sample, variation in in 
spection lot size has little effect on the 
percentage of lots accepted For 
this reason, the OC curve of a sampling 
plan is often given without specifying 
the inspection lot size. Such OC curves 
are computed on the assumption that 
the inspection lot is large compared 
with the sample and are, therefore, 
only approximate when this assump 


tion is not valid 
Lot Quality’ rather than 


assumes that all lots 


The use of 
Product Quality 
in a series of lots contain exactly pN 
defectives. Even the editors consider 
this assumption unrealistic, stating ir 
a footnote (p. 25): “This paradox de 
pends on the highly unrealistic assump 
tion that all inspection lots submitted 
contain exactly t'e same percentage of 
On page 124 they 


This book is not entirely con 


defective items 
continue 
sistent on the interpretation placed on 
the OC Curves 
discussion interpretation (a) is adc pted 


In most of the textual 
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(p. 183: la} The percentage of defec- 
tive items can be considered os apply- 
ing to each inspection lot seporately. 
(b) The percentage of defective items 
can be considered as applying to the 
process yielding a particular inspection 
lot, and each inspection lot can be con- 
sidered as itself a somple from a hy- 
pothetical infinite population of items 
that might be produced if the process 
remained unchanged.) “On the other 
hand, the OC curves are, in fact, com- 
puted under interpretation (b) in order 
to avoid the necessity of giving them 
as functions of inspection lot size 


The OC Curves for Sequential-Sam- 
pling Plans are recognized to be only 
approximations as the task of comput- 
ing exact Probability of Acceptance 
values for the Multiple-Sampling Plans 
in the text with large Acceptance and 
Rejection numbers is a prodigious task 
However, the results given by the ap 
proximations appear, in generol to be 
good enough for practical usage. The 
methods used in the computations are 
presented quite completely and forms 
are given that greatly simplify the work. 


In addition to all these approxima 
tions for use in connection with single-, 
double-, and sequential-sampling plans, 
which introduce unavoidable errors, the 
printing of the OC Curves in three 
colors on a black grid, although per 
haps easier for the reader to follow un- 
necessarily adds rather sizable errors 
On page x, the Accuracy of the Charts 
is discussed with respect to mothemo- 
tical approximations used in their prep- 
aration, number of points plotted per 
curve, and limitations on the accuracy 
of four-color printing. For the latter, 
the editors state (p. x): “When the per 
centage of submitted lots accepted is 
in the neighborhood of 90, the error 
(deviation of the chart reading from 
the computed value) has a standard 
deviation of about 1.1; in the neighbor 
hood of 50 the standard deviation is 
about 1.5; and in the neighborhood of 
10 the standard deviation is about 1.0 


Little account is given to the methods 
of computation for AOQ and AOQL 
values. The values determined are gen- 
erally only rough approximations, as 
the lot size is treated as being infinite 
and pl, is used as the value for AOQ, 
where L,, is the Probability of Accept- 
ance. Taking account of the lot size is 
one of the more important factors in 
developing and using the AOQL con 
cept and here it is ignored to all in 
tents. Since values of AOQL are gen 
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erally given in ranges this criticism may 
be too severe. 


As noted by the editors, the notion of 
Major and Minor, as well as the use of 
three grades of inspection—Normol, 
Tightened, and Reduced—are taken 
from the Army Ordnance procedure 
Unfortunately, the Reduced Inspection 
Plan in this book does not include some 
of the more valuable features of the 
Army Ordnance Tables and Procedures, 
wherein, for product that has qualified 
for Reduced Inspection, cumulative in- 
spection results from five consecutive 
samples, including the current sample, 
in addition to the results from the cur- 
rent sample, are checked against their 
appropriate criteria. The editors merely 
slip back two inspection levels, Level V 
becoming Level Ill, etc. Level | has no 
provision for Reduced Inspection 


The editors point out on p. 142: ‘Se- 
quential sampling had not been de- 
veloped when the Army Ordnance 
tables were constructed. However, in 
a footnote in the Preface, reference is 
made to Professor W. Bartky’s “Multiple 
Sampling with Constant Probability, 
Annals of Mathematical Statis- 
tics, December, 1943. As a matter of 
historic interest, Multiple Sampling 
plans developed by Bartky as early as 
1927 in unpublished memoranda for use 
in the Bell System had been tried out 
for a number of years, but had found 
less practical favor than double sam- 
pling although applied to continuous 
production, similar to what the editors 
on page 87 term the ‘moving inspection 
lot.’ The sequential plans in the table 
were developed on the basis of Profes- 
sor A. Wald's well-known work “Se- 
quential Tests of Statistical Hypotheses 
and his more recent book on the same 
subject. The plans ore really multiple- 
sampling plans as they consist of a 
series of samples, never more than 9 
and all of equal size in most cases for 
ease of application. Actually, the dis- 
tribution of plans is as follows: 


No. of Freq. of 
Samples Occurrence 
100% 2 
39 
0 


SOON A WMA WH — 
Le) 


Total 206 


This table includes a count for every 
AQL class and sample-size letter. As 
a result of this method of count some 
sampling plans will be counted several 
times since they are applied to more 
than one sample-size letter. For ex- 
ample, for the AQL class 0.024-0.035, 
the sampling plan for sample-size letter 
J is also designated for sample-size let- 
ters C, D, E, F, G, H, and |, and is 
counted 8 times. 


In comparing the three types of in- 
spection, single, double ,and sequential, 
with respect to the average number of 
items inspected per inspection lot, 
termed the Average Sample Number 
(ASN), the editors present first an ex- 
ample (p. 31, Fig. 3.7) for the AQL class 
3.2-4.4 percent defective, which they 
term “high-quality inspection lots’ since 
the percent defective is large or ‘high. 
In this example, for Single Sampling 
the Acceptance number c=—-14, and 
for Double Sampling the Acceptance 
Numbers are ¢,, co—9, 23. This ex- 
ample and three other examples are 
given in Fig. 9.2 (p. 95). The Accept- 
ance Numbers for Single and Double 
Sampling for these three additional ex- 
amples are: (1) S. S.;: c==-2, D.S.: cy), ce 

1, 2; (2) S.S.: ¢ ', D.S.: Ci, Ce 0, 2; 
(3) Given above; (4) S.S.;: c—i4, D.S.: 
C), C28, 25. Based on the ASN values 
for these four examples the editors 
state (p. 34): “For high-quality product 
double sampling frequently requires 
something like 1/4 to 1/3 less inspec- 
tion than single sampling, and sequen- 
tial sampling requires something like 
1/3 to 1/2 less inspection than single 
sampling.’ In the summary table on 
page 35 it is indicated that single sam- 
pling requires the “Most average num- 
ber of items inspected per inspection 
lot, double sampling requires ‘Less, 
and sequential sampling requires the 
Least. 


The above generalization holds fairly 
well when the percent defective in sub- 
mitted product is large and the accept- 
ance numbers for both single and 
double sampling are, relatively speak- 
ing, large. However, for the better-qual- 
ity products where the quality levels 
are small, in many cases close to zero, 
say of the order of 0.1%, and in many 
other fields of application, the majority 
of the sampling plans are in the area 
where acceptance numbers are small, 
say c—0, 1, and 2 for single sampling, 
and, correspondingly, c;, c.—0, 1; 0, 2; 
0, 3; etc. for comparable double-sam- 
pling plans. In such cases there is little 
difference between the ASN values for 
the three types of inspection. 


INDUSTRIAL QUALITY CONTROL 








In many instances in the range of 
quality levels of interest, the single- 
sampling or double-sampling plans may 
have smaller ASN values than the cor- 
responding sequential-sampling plans. 
This is particularly true for the single- 
sampling plan with c — 0, and is recog- 
nized in this book by designating such 
a single-sampling plan also for both 
double- and sequential-sampling plans 
for the AQL class and sample-size let- 
ter under consideration. When a 
double-sampling plan has c;, co—0, 1, 
the corresponding sequential-sampling 
plan is so set up that the first sample, 
required generally to be _ inspected 
completely for all three types of plans 
(p. 33), is considerably smaller than 
that for double sampling although a 
larger sample must be taken in order to 
accept with an acceptance number of 
zero (0), i. e. the larger sample con- 
sists of the first, second, etc. samples 
Inspection thus can be curtailed sooner 
in the sequential-sampling plan when 
too many defectives occur early in the 
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GEORGE D. EDWARDS ELECTED 
HONORARY MEMBER 


By unanimous vote, the Board of Di 
rectors has elected Mr. George D. Ed- 
wards an Honorary Member of the 
Society. This action was taken on a pe- 
tition received from thirty-two members 
of the Society, requesting that Honorary 
Membership be granted in view of Mr 
Edwards ‘acknowledged eminent ser- 
vice to quality control during his more 
than two years as the first President of 
the American Society for Quality Con 
trol 


BOARD OF DIRECTORS 
MEETING HELD 


The Board of Directors held a meet 
ing during the Boston Convention on 
Thursday afternoon, May 5, just pre 
ceding the Annual Society Dinner. All 
of the Officers, 20 Directors, and one 
Alternate Director were present 


The Executive Secretary reported a 
total Society membership of 2601, a 
24%, increase from the 2092 members 
at June 30, 1948. In this report, it was 
noted that 74% of members had re 
newed this year and that new member 
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sample or samples from the inspection 
lot. This usually will result in smaller 
ASN values for sequential than for 
double sampling. For the majority of 
the sets of sampling plans in this book, 
where matching sequential-sampling 
plans are given when the double-sam 
pling plans’ acceptance numbers are 
C;, C20, 1, the OC curve for sequential 
sampling is not so strict as that for 
double sampling and affords slightly 
less protection against the acceptance 
of defective product. 

The text's discussion of the relative 
magnitudes of ASN values for the three 
types of inspection is fairly complete, 
but neglects the important scmpling 
area discussed above. The many con- 
siderations enumerated in the book 
should be studied before selecting the 
type of inspection that best fits any set 
of conditions. 

Where the sampling plans are to ap 
ply to Process Inspection, or the basis 

f protection is the AOQL designated 
for Average-Quality protection, then 


SOCIE 


ships had accounted for the balance 
of present membership 


The Treasurer reported receipts of 
$19,786.13 during the first 10 months of 
this Society year and disbursements of 
$18,173.90 during the same period. The 
balance of general funds on hand as of 
May 1, 1949, was $5,975.05. All of the 
figures reported above are exclusive of 
the Shewhart Medal Fund and the 
Brumbaugh Award Fund which are 
maintained in separate Society ac 
counts 


The Directors voted to establish the 
official Society headquarters in the So 
ciety office in the Grand Central Termi 
nal Building, New York, for the next 
Society year 


Plans were discussed for the renewal 
of memberships for the 1949-50 Society 
year and for cooperation between the 
national office and Section officers in 
billing membership dues 


There was considerable discussion of 
the matter of accepting Society mem 
berships from outside the United States 
and Canada. It was finally voted that 
such memberships would be accepted 
only after individual approval by the 


the Average Amount of Inspection per 
Lot, |, for each type or system should 
also include the amount of inspection 
performed on the balance of rejected 
lots. The difference between the var 
ious | values for different systems will 
not be as great as between the ASN 
values mentioned above. The text does 
not discuss this point 

The admirable points of the book 
are self-evident and have not been 
stressed. The text discusses many other 
valuable items. How should samples be 
selected? The different techniques that 
apply to a ‘Stationary Inspection Lot 
in contrast with a “Moving Inspection 
Lot are developed and described 
There is a wealth of material in the 
book and it should be carefully studied 
by those in the field of production and 
quality control. The editors are to be 
commended on doing a difficult task 
well and providing a system of sam 
pling plans which have wide fields of 


application 


Y NEWS 


Board of Directors or the Executive 
Committee acting for the Board. Re 
newals of present foreign memberships 
will be submitted to the Board before 
further dues are accepted 


The report of the Brumbaugh Award 
Committee was received and reviewed, 
and the applications of two new Sec 
tions were accepted as outlined below 


BRUMBAUGH AWARD 
COMMITTEE 


At the Board of Directors meeting in 
Boston, the Brumbaugh Award Commit 
tee reported its recommendations as to 
future procedure for the Award. This 
report was unanimously accepted by 
the Board, and steps were taken to 
make the recommendations effective 


In reporting these recommendations, 
the Brumbaugh Award Committee com 
pleted its initial responsibilities, The 
Board of Directors has reappointed the 
members of the Committee to serve as 
the Award Committee for varying terms 


as follows 


Claudius S. Barrett 
Parker D Deans 


One Year Term 


29 





Two Yeor Terr Joseph J. Ferri 
Wyott H. Lewis 
Three Yeor Terr H. Harold Sheaffer 


Charles R. Scott 


c reor Terr Mason E Wescott 
Halsey H. Kent, 
Chairman 
A té ry\« stead above begir ar Ju y 
949 
The terme ryt twe members of the 
Cammittes wi! tnus expire each yeor 


Appointme nts to the Con mittee in sub 
sequent years wil pe tor tour-yeor 


term« 


PLANS FOR THE 
BRUMBAUGH AWARD 


As recommended by the Brumbaugh 
Award Committee, the following pian 
os been approved by the Board of Di 
rectors for making the first Brumbaugh 
Award 

The annual cash award will be $50 

to the author of that paper published 

n INDUSTRIAL QUALITY CONTROL 

ono jvdged to nave mace the great 

est contribution te tne deveiopment 


mt ndustria opp! corons ¢ , a ality 


contre 

?. The Brumbo ah Award Committee 
will moke ifs selection for the first 
Award trom the papers published in 


INDUSTRIAL QUALITY CONTROL 
during the five year period July 1944 
te June 1949. Thereatter. Awards 
will be made from among articles 
published during a Society year 
Any member of the Society, or groups 
of members, may recommend a paper 
for consideration by the Brumbaugh 
Award Committee. Such recommen 
dations should be submitted in writ 
na and sent to the Executive Secre 
tary of the Society. Recommendations 
for the first Award must reach the 
Executive Secretary on or before No 
vember |. 1949 
4. The Brumbaugh Award Committee 
will meet shortly ofter November | 
and will make its decision as to the 
winner before January |, 1950 
5 The first Award will be presented at 
the Society s Convention in Milwau 
kee, June, 1950 
Members of the Society are urged to 
submit recommendations without delay 


NEW SECTIONS RECOGNIZED 


At its meeting in Boston on May 5 


the Board of Directors had the pleasure 
of approving the applications of two 
new quality control groups as Sections 
of the American Society for Quollity 


o 
ontro 


3 


The Muncie Section was approved as 
the 34th Section of the Society. Its 
headquarters will be in Muncie, Indi 
ana; the Section will be port of the 


Midwest Region 


The New Hampshire Section was ap 
proved as the 35th Section of the So 
ciety. Its headquarters will be at Loa 
conia, New Hampshire; the Section wi 
be part of the New England Region 


The Society warmly welcomes both of 


ese new Sections, located as they are 


important industria! areas 


ANNUAL MEETING 1949 


accordance with the decision of 
the Board of Directors, under the provi 
sion of Section 60 a. of the Constitution 
the Annual Meeting of the Society will 
be held in Room 502 at the Engineering 
societies Building, 33 West 39th Street, 
New York, N. Y. at 8 p. m. on Friday 
evening 17 June 1949 


Principal business to come before the 


meeting will be 


Presentation and Acceptance of An 
nual Reports of the Board of Direc 
tors, the Executive Secretary, and the 


Treasurer 


2. Election of officers for the fiscal year 


949-50 


3. Any other matters which properly 


may be brought before the meeting 


As provided in Section 60a. of the 
Constitution, formal notice of the An 
nual Meeting has been mailed by the 
Executive Secretary to every corporate 
member of the Society. This notice has 
been accompanied by an Official Bal 
ot for the election of officers and en 
velopes for the return of this Ballot as 
7 


required by Sections 56 and 5/7 of the 


Constitution 


YEARBOOK 1948-49 


The 1948-49 Yearbook of the Society 
is now in the hands of the printers and 
should reach members soon after this 
issue of the magazine. The closing date 
of 15 April 1949 was set for member 
ship records in the Yearbook. All new 
memberships and renewals in the hands 
of the Executive Secretary on that date 
will appear in the Yearbook 

In accordance with Section 16. of the 
Constitution, the names of all members 
delinquent in their dues as of | April 
1949 have been dropped from mem 
bership and none of these wil! be in 
cluded in the forthcoming Yearbook 

The Yearbook includes complete in 
formation on Society organization and 


committees; it lists Society members al 
phabetically along with their Section 
affiliation; it includes a catalogue of 


Section officers and their addresses 


MEMBERS-IN-TRAINING 


By mail ballot, the Board of Direc 
tors has adopted the By-Laws proposed 
by the Committee on Constitution and 
By-Laws covering Members-In-Training 
and student Branches’ of the Society 
The provisions cover enrollment of in 
dividual Members-in-Training as well 
as affiliotion of student organizations 
at educational institutions 

Principal provisions of the By-Laws 
are as follows 
Any person under 21 years of age 
and interested in quality control 
work may be enrolled as a Member 
in-Training and may be re-enrolled 
until he reaches age 22 
Any bona fide full-time or cooperc 
tive student, graduate or undergrad 
vate, in a university or technical 


Le) 


school of recognized standing, may 
be enrolled as a Member-Iin-Training 
and may be re-enrolled for subse 
quent years while he is a student 
However, no student may be re-en 
rolled after age 26 or after 6 years 
as a Member-In-Training 


Ww 


Any bona fide trainee in industry 
regardless of age, may be enrolled 
as a Member-in-Training. He may be 
re-enrolled only for the following 
yeor 

4. Members-in-Training will receive IN 
DUSTRIAL QUALITY CONTROL while 
enrolled and will pay dues of $3 for 
each fiscal year 


Ww 


In any university or technical school 
from which Members-In-Training are 
enrolled, any member of the faculty 
who is a corporate member of the 
Society may, upon approval of the 
Executive Committee, organize such 
Members-In-Training into a student 
Branch’ of the Society. The Presi 
dent of ASQC will appoint a cor 
porate member of the Society to act 
as Counselor of the student Branch 
6. An established student engineering 
society in a university or technical 
school of recognized standing may, 
upon application of its officers and 
of a corporate member of the Society 
connected with the university or tech 
nical school, and with the approval 
of the Executive Committee, become 
associated with the Society. A so 
ciety so associated may also be 
associated jointly with other national 
engineering societies, in which case 


INDUSTRIAL QUALITY CONTROL 
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it will be known asa _ Joint Branch 

Adoption of these By-Laws brings our 
Society policy in accord with that of 
other national engineering societies 


EXECUTIVE COMMITTEE MEETS 


A successful meeting of the Executive 
Committee was held on May 6 and 7 at 
Boston following the Society's Third 
Annual Convention. All but one of the 
twelve members of the Executive Com 
mittee were present or were represented 


by alternates 


Reports and recommendations were 
received from the Special Committees 
on Society Information (S. C. Bates, 
Chairman), Membership Application 
Blanks (S. C. Amren, Chairman), and 
Membership Renewal Procedure (Dorian 
Shainin, Chairman). After considerable 
discussion, it was voted to modify the 
Society Information Folder and Applica 
tion Blank in accord with certain of 
these recommendations and to estab 
lish a@ membership renewal procedure 
along the lines recommended 


The Executive Committee received 
reports from the Examining Committee 
the Brumbaugh Award Committee, the 
Shewhart Medal Committee, the Stand 
ards Committee, the Advertising Com 
mittee. the Committee on Membership 
and the Committee on Publicity and 
Public Relations 


The Chairman of the Editorial Boo 
reported on plans for adding editoria 
‘el: portr Z ns tO tine magazine sO os 
extend its scope ana usefulness to men 
ber A program tor joint cooperatio 


tween the Editorial Board and the 


Advertising Committee was approved 


onsiaerable discussion of 
nstitutional subscriptions to INDUS 
TRIAL QUALITY CONTROL and pur 


hases of back issues. Because of the 


extra handiina and moa ng osts n 

volved, it was decided to increase the 
; > > 

price oO yrrer magazine subscriptior 


Plans for the 1950 Convent 
Milwaukee tine 195] Convent or 
Cleveland, and the 952 Conventior 

Syra Were WISCU ed ona ao 
f ved 

Arranaeme wer ad t 
J c Meetir and for the idit o 


| Simon Collier 


POSITIONS WANTED 


College graduate with two years ex 
perience as inspection standards engi 
neer for well-known manufacturing firm 
desires position in quality control work 
Age 28; Senior Member ASQC. Reply 
to 5Fl, American Society for Quality 
Control, 22 East 40 Street, New York 16 
N.Y 


January graduate with majors in math 
ematics and mathematics of statistics 
desires position in quality control work 
Member American Society for Quality 
Control and American Statistical Asso 
ciation. Reply to 5F2, American Society 
tor Quality Control, 22 East 40 Street 
New York 16, N. Y 





NOTICE 

The Post Office Department 
does not forward IQC to a for 
warding address. The magazine is 
delivered to the address on file 
with the Executive Secretary. If 
you make a change of ad- 
dress and expect to get your 
copy of IQC, see that prompt 
notice of the new address is 
sent to 


Executive Secretary, ASQC 
22 East 40th Street 
New York 16. N. Y 








CONSULTING SERVICES 


Responsibility of the American Society for 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ad 
vertisers hold the grade of membership in the 
Society stated in their advertisements Qual 
ification requirements for the several grades 
of membership are set forth in the Constitu 


tion of the Society 


Management Controls 


POUNDED IN 1945 





“References and Literature on Request” 

Senior Partner 699 Rose Ave 
W. E. JONES 
he nu 1SOC 


Des Prares, Iu 


Des Prarnes 1495 





RALPH E. WAREHAM 


Fellou SOC 


CONSULTANT ON QUALITY CONTROL 
122 Orcuarp Ripe TeLEPHON! 


CHarraoua, N.Y CHuarpraoua 715 








When you buy from 
our advertisers, men- 
tion their ads in “IN- 
DUSTRIAL QUAL- 
ITY CONTROL.” 


























ADVANCE NOTICE 


Fourth Midwest 


Quality Control Conference 
St. Louis, Missouri 


THURSDAY AND FRIDAY 


Featuring 


NOVEMBER 10 749 
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We’re not using idle words when we say 


You can make it RIGHT the first time! 


REDUCE SCRAP— 


SAVE 
at production 
at inspection 
at assembly 

































IMPROVE QUALITY 
at lower cost 


Diometers ond Widths [i We know of reputable concerns that have 


Simultaneously —> 
turned out thousands of parts only later 


ARNOLD CONTINUOUS GRINDING GAGE — for gaging while grinding. Parts are sized right to find them wrong dimensionally. This 
the firse time—without costly regrinding. Practically eliminates all scrap. could have been avoided, right at the 

machine, before a single dollar’s worth of 
5 scrap was produced. 


Think of the man-hours wasted working 
m4 with old-type conventional gages that 
don’t tell which way dimensions are going 
until it’s too late. Think of the hours 
wasted in sorting and fitting. And, think 
of the loss in customer satisfaction and 
good will when products fail to live up to 
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- = ‘ . j expectations—clearances too great or too 
MOLE GAGES—Holes from .122” diam. up. INDICATING MICROMETER — Greatest mi- . ; . _—s 
Determine taper, out-of-round, irregularity, crometer value. No variations in readin - little; ragged performance; noise, weak 
squareness, rifling, etc. constant anvil pressure. Tungsten carbide 


anvils; no-rust chrome finish. Spots, breakdowns. 








You can avoid all this. At the first opera- 
tion, and through each subsequent op- 
eration, visual gage control—with gages 
like these—shows you how far off you are 
and which way you are going. Only a 
few of the hundreds of Federal Indicating 
Gages are shown here. Ask to see these or 
tell us what you want to gage and we'll 
show you how. Write gaging head- 





INSIDE OR OUTSIDE SHALLOW HOLE GAGE DEPTH GAGE— No “flush-pin” gage is as quarters— Federal Products Corporation, 

—gives itive readings. Eliminates fum- positive and fast as this. 1” range, for depths . - 

bling sosande fast, self-locating, easy to use to 3” — greater if desired. 1114 Eddy St., Providence l, mR. 3 
ition. 








FEDERAL 


PRECISION MEASURING INSTRUMENTS 


DIAL INDICATORS © INDICATING GAGES © SPECIAL GAGES @ 









. ELECTRONIC AND AUTOMATIC SORTING GAGES *© AIR GAGES 








